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Introduction 


IN a previous paper I explained that atmospheric activity curves show 
certain distinctive features during the period of the S.W. (or summer) Mon- 
soon. It was also shown that with the aid of these curves, the formation of a 
meteorological depression in the Bay of Bengal, its movement inland, and 
finally its weakening and disappearance could be followed. The curves 
further show that with the withdrawal of the monsoon, heat thunderstorms 
which occur mainly in the afternoons become more pronounced. 


During the year 1941, the S.W. Monsoon withdrew from the country 
by about the end of September and the N.E. Monsoon later established itself. 
The present paper discusses with the aid of data collected in 1941, the charac- 
teristics of atmospheric activity of the period (1) between the withdrawal of 
the S.W. Monsoon and the setting in of the N.E. Monsoon and (2) during the 
period of the N.E. (or winter) Monsoon. 


(1) Atmospherics during the period of transition 
As typical instances of the atmospheric activity of this period, the atmo- 
spheric activity curves from the Ist to the 5th October 1941, will be considered 
in relation to the weather charts of the same period. 


The atmospheric activity curves are given in Fig. 1. The peaks of activity 
in the figure may be divided into two groups, (i) peaks K, L and 
M of early morning activity and (ii) peaks A, B and C of atmospheric 
activity in the evening and early night. These two groups will be. discussed 
Separately. 
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@ Indicates places from which thunderstorms have been reported during the previous 


® Indicates the position of the University Laboratories at Annamalainagar. 
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Peaks K, L and M.—The weather charts relating to this period are given 
in Fig. 2. Figs. 2a, 2b and 2c show the distribution of isobars at 8 hours on 
the 2nd, 3rd and 4th October respectively. On the 2nd a depression 
appeared in the Bay of Bengal close to the coast. By the morning of the 3rd 


this region of low pressure became diffuse. By the 4th this became more 
diffuse and unimportant. 


It was pointed out (1943) in a previous paper that the formation of low 
pressure regions on the sea is associated with observed atmospheric activity 
in the carly mornings. The peak K on the morning of the 2nd may therefore 
be associated with the low pressure region in the Bay of Bengal in Fig. 2b. 
We notice further that as the low pressure region in the Bay of Bengal becomes 
more and more diffuse the atmospheric activity represented by L and M 
decreases. Thus the occurrence and variation of early morning activity 
represented by peaks K, L and M can without doubt be ascribed to the low 
pressure region in the Bay of Bengal. 


Peaks A, Band C.—Taking next the atmospheric activity in the early night, 
it must be remembered that during the period of the summer morsoon, large 
peaks of activity appeared in the early night only when a depression which 
had formed in the Bay of Bengal crossed the coast and moved inland. The 
peaks A, B and C resemble peaks of activity which accompanied the movement 
inland of the depression. In the present case, however, as is evident from 
the weather reports in Fig. 2, the depression that formed in the Bay of Bengal 
on the 2nd remained practically in its original position and became unimpor- 
tant by the 4th. The peaks of atmospheric activity A, B and C cannot there- 
fore be attributed to the effect of this depression. 


Fig. 2 further shows that during the period between the Ist and 4th Octo- 
ber, a diffuse low pressure area moved across the peninsula from east to west. 
It was over the peninsula on the 2nd and was off the west coast of India on 
the 4th. This ‘low’ over the peninsula became regularly intensified in the 
afternoon as can be seen from an examination of the weather charts giving 
the distribution of isobars at 17 hours on these days. (The charts showing 
this distribution are not reproduced.) This intensification of the ‘ Low’ 
over the peninsula in the afternoons which is a regular feature of the pressure 
distribution in the non-monsoon months brings about conditions favourable 
for thunderstorm. activity and for the generation of atmospherics associated 
with such activity. The peaks A, B and C are the effects of this intensifica- 
tion of the low over the peninsula. 


The differences in the appearances of the peaks A, B and C may be 


explained by a detailed study of the thunderstorm activity of the period. 
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The regions from which thunderstorm activity is reported in the daily weather 
reports on these days are indicated by black dots on the weather charts. 
These reports of the thunderstorm activity refer to the previous twenty-four 
hours and do not give any indication of the time of the day at which these 
thunderstorms were active. But a study of a large number of atmospheric 
activity curves along with the related reports of thunderstorms has shown 
that there is a greater probability of thunderstorm activity along the coast 
line, occurring in the later part of the night, specially when a low pressure 
region exists on the sea and close to the coast. It would in this connection 
be extremely useful to analyse the actual times of occurrence of thunderstorms. 
This could not however be carried out for want of necessary data. 


It was pointed out in an earlier paper (1943) that if thunderstorms are 
reported from a large number of areas, it is very unlikely that all these centres 
are active at the same time. The activity at one centre may be on the decline 
while that at another is reaching a maximum. Thus data on atmospherics 
collected from one observing station which cannot distinguish between atmo- 
spherics coming from various centres, is likely to show certain characteristic 
features. If only one narrow region is affected there will be a definite rate 
of increase of atmospheric activity, which will reach a maximum terminating 
in a peak, and after which there will be a regular decline resulting finally in 
zero activity. The atmospheric activity curve may therefore be expected to give 
a sharp well-defined peak of activity, the rise and decline of activity being very 
steep. If during a certain period, a large number of centres are active, assuming 
that the maximum activities at every centre do not necessarily coincide in 
time, the atmospheric activity curves will show large activity for a considerable 
time and well-defined peaks are not likely to be observed. 


The low pressure areas on the evenings of the Ist and 2nd are concentrat- 
ed into a narrow region while that on the 3rd is over a very large region. The 
areas from which thunderstorm activity is reported lie on the outskirts of the 
region of low pressure. It is no wonder therefore, that atmospheric activity 
in the evenings and early night shows sharp peaks like A and B as on the Ist 
and 2nd, while on the 3rd atmospheric activity at a large value continued 
from 18 to 24 hours and there are three peaks instead of one. 


Thus during the period of transition large peaks of activity are observed 
in the evenings and the early night. This activity is governed mainly by the 
low pressure regions which develop in the centre of the peninsula and intensify 
by the evening each day during this period. Atmospheric activity in the later 
part of the night is on a small scale. 
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(2) Atmospherics during the period of the Winter Monsoon 


Several observers have noticed that atmospheric activity during the win- 
ter months is on a much smaller scale than in the warmer months. One 
of the earliest of these is Jackson (1902) who noticed that Atmospherics are 
more frequent in summer and autumn than in winter and spring. Later, 
Wolf (1922) found that while during the warm half year atmospherics deve- 
loped on the appearance of a new depression and disappeared on its filling 
up, no such relation could be noticed in winter. He says that even thunder- 
storms failed to give a notable increase in Atmospheric disturbance in winter. 
Watt (Nature, Vol. 127) found that the predominant source of the world’s 
supply of Atmospherics lies in a region of summer afternoon. 


These statements are based on observations in temperate climates. The 
present paper deals with observations recorded at Annamalainagar, from 























3(a@). 7-8-1941. At 8 hours. 3(6). 8-8-1941. At 8 hours. 

















3(c). 9-8-1941. At 8 hours. 
Fics. 3a, 3b and 3c. Weather charts relating to the period 7th to 10th August 1941 
during the Summer Monsoon 
Q Indicates places from which rainfall is reported, the amount of rainfall during the previous 
24 hours being indicated by the numbers inside the circles. 
@ Indicates places from which thunderstorms during the previous 24 hours have been reported. 











132 N. S. Subba Rao 


October to December 1941 during the period of the winter monsoon. A 
study of atmospheric activity during this period shows no regular features 
of the type found in the period of the summer monsoon, and described by 
me in an earlier paper. I propose to discuss in this paper the probable 
causes for the striking difference noticed in the behaviour of Atmospherics 
during the two periods. 


Two sets of weather charts, taken from the Indian Daily Weather Re- 
ports, are redrawn in Figs. 3 and 4. The first set refers to the period 7th-10th 
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4 (a). 5-10-1941. At 8 hours. 4(b). 6-10-1941. At 8 hours. 
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4(c). 7-10-1941. At 8 hours. 
Fics. 4a, 46 and 4c. The weather charts relating to the period 3rd to 8th October 1941 
during the Winter Monsoon 
@ Indicates places from which rainfall is reported, the amount of rainfall during the 
previous 24 hours being indicated by numbers inside the circles. 
@ Indicates places from which thunderstorms during the previous 24 hours have been 
reported. 


% Indicates areas where thunderstorm activity attributable to the depression in the Bay of 
Bengal has occurred. 


August 1941, during the summer monsoon and the other to the period 3rd-8th 
October 1941, the beginning of the North East Monsoon. 
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On these charts the circles indicate the regions from which rainfall is 
reported, during the previous 24 hours, the actual amount of rainfall being 
indicated by the numbers inside the circles. According to the convention 
followed in the mapping out of these charts rain less than -09” is neglected. 
A blank circle indicates rainfall between -10°— -17". 

4— -18" to +37"; 

4 — +38" to +87"; 
3— -68"to -87’; 

1 — -88" to 1-24"; 
14 — 1-25” to 1-74"; 

2 — 1-75" to 2-50"; 

3 — 2:51” to 3-49", etc. 

Weather charts in Figs. 3 and 4.—The charts refer to two similar cyclonic 
storms, one during the S.W. Monsoon and the other during the N.E. Monsoon. 
In their wake they brought considerable rain to the regions affected, viz., 
Bengal and Orissa in the first case and S.E. Madras in the second case. In 
this respect therefore the two cyclonic storms are very similar. 


Thunderstorm activity during these periods——\f we compare the thun- 
derstorm activities during these periods we find a striking contrast. Areas 
from which thunderstorms are reported during the previous 24 hours are 
indicated by black dots in the weather charts. It is evident from Figs. 3a 
and 3b, that the deepening of the depression into a cyclonic storm is 
followed by increased thunderstorm activity. Thunderstorms are reported 
from a large number of areas and their positions give an indication of the 
probable direction of travel of the cyclone. In Fig. 3c, we find that as the 
depression slowly fills up thunderstorm activity is again on the decrease. 


It will be clear from the above that thunderstorm activity increases with 
the deepening of the depression. The position of the areas of thunderstorm 
activity is mainly governed by the region of low pressure and the activity 
becomes feeble as the low pressure region fills up. 


In Fig. 4a, we notice thunderstorm activity at certain places in the Penin- 
sula, a large number of areas to the N.W., a few in the south of the Peninsula 
and a few along the east coast. From Fig. 4b, we find that the depression 
moved nearer the coast line. In striking contrast to what was noticed in the 

et of charts given in Fig. 3, we find that with the approach of the depres- 
sion towards land thunderstorm activity is reported from fewer areas and is 
hence on the decline. In Fig. 4c, we find that the intensification of the 
depression into a cyclonic storm close to the coast between Masulipatam 
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and Cocanada caused widespread heavy rain along the Madras coast and the 
adjoining districts but no thunderstorms occurred in any of these areas, 


Thus we find that thunderstorm activity which increases during the 
summer monsoon with the intensification of a depression, disappears under 
similar conditions during the winter monsoon. As most atmospherics 
orginate in areas of thunderstorm activity, it is no wonder that atmospheric 
activity during the period of the summar monsoon shows certain regularities, 
increasing activity being associated with the formation and accentuation of a 
depression and its decreasing activity with the movement and disappearance 
of the low pressure region. In the period of the winter monsoon these 
features are not noticed. 


In this connection one other point may also be mentioned. In Fig. 
4a the presence of a large number of thunderstorm areas might create an 
impression that thunderstorm activity is very much greater and further that 
all these might be due to the effect of the depression formed in the Bay 
of Bengal. A study of the weather charts for the previous two days, i.e., 
3rd and 4th, helps us to determine the true effect of the depression in the 
Bay of Bengal. 


On the 2nd October a depression in the Bay was accompanied by a region 
of low pressure in the central region of the Peninsula. The chart for this day 
is given as Fig. 2b and thunderstorms were reported from areas lying on the 
coast line on either side of the land depression. 


Judging from the way in which the areas of thunderstorm activity appear 
and disappear during the three days, 2nd, 3rd and 4th October, it 
appears as though the activity in the N.W. region of the Peninsula may be 
attributed to the depression on land noticed on the 4th and to the depression 
in the Arabian Sea (Fig. 2c). We are thus left with a few areas only, areas 
which showed no variation with the appearance or disappearance of the 
depression in the Arabian sea, or the depression on land. These areas are 
indicated in the figure thus$€. It will thus be evident that even when thun- 
derstorm activity is reported and atmospherics are recorded at the observing 
station, they arise only from small isolated areas and that the total 
atmospheric activity itself is small. 


One example may be given to show how small the atmospheric activity 
is when it exists. A deep depression formed in the Bay of Bengal on the 30th 
of November intensified into a cyclonic deprcssion on the Ist December, 
became severe and passed inland by the night of the 2nd. Later this moved 
right across the Peninsula and entered into the Arabian Sea by the 4th a" 
became unimportant by the 6th. 
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This particular example is of special interest as the cyclonic storm passed 
almost over the observing station. If there had been atmospheric activity 
of the intensity usually met with in the summcr monsoon period, no record 
could have been obtained, as the recording equipment would have been upset 
on account of the powerful impulses given to the galvanometer. Although a 
few atmospherics were actually recorded during this period, the atmospheric 
activity must be judged as being of negligible amount, the little activity that was 
observed being attributable to very feeble isolated lightning flashes possibly 
occurring far above the monsoon clouds, invisible from the ground and un- 
accompanied by thunder. As the convention in the Indian Meteorological 
Department is that thunderstorm should be reported only when thunder is 
heard with or without precipitation, the Weather Reports do not mention any 
thunderstorm during this period. 


Discussion 


As stated already during the period of the Summer monsoon thunder- 
storm activity and the associated Atmospheric activity are on a large scale, 
while during the Winter monsoon they are of negligible amount. It was also 
pointed out that atmospheric activity is intimately connected with meteorologi- 
cal depressions, and that the study of the variation of Atmospheric activity 
from hour to hour and day to day enables us to follow the various stages in 
the formation, accentuation, movement inland and the subsequent filling 
up of the meteorological depressions that originate in the Bay of Bengal dur- 
ing this period. 

It may be considered surprising that there is only a small amount of thun- 
derstorm and Atmospheric activity during the period of the winter monsoon. 
Further, as has been already pointed out, the little Atmospheric activity that 
does exist, becomes feeble on the intensification of a depression. 


Brunt (1934) considers the greater frequency and intensity of the 
meteorological depressions in Europe in winter as due to the larger differences 
of temperature between the pole and the equator in winter than in summer. 
The reason for the feeble thunderstorm activity during this: period may be 
understood from a discussion of the various features involved in the formation 
of depressions and the gencration of thunderstorm and the associated Atmo- 
sphetic activity. 

The most important of these factors is Solar Radiation. The effect of the 
sun in bringing about conditions favourable for the display of energy automa- 
tically in the atmosphere in the form of a thunderstorm is described by Napier 
Shaw and Captain Douglas. According to Napier Shaw (1930) the first con- 
dition to be satisfied is the existence of a state of liability in the atmosphere 
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caused by the establishment of a thick layer in convective equilibrium. Ano- 
ther condition is the provision at the right moment, of a sufficient quantity 
of air saturated with water vapour. Both these conditions are governed by 
the effect of Solar Radiation. 


Convection on a large scale in air of a high degree of humidity is essential 
for the production of towering cumulus clouds whose base, according to 
Captain Douglas (1923) is usually between 5,000 to 6,000 feet, in severe thunder- 
storms, and whose tops attain 20,000 feet in summer and 15,000 feet in winter. 
Captain Douglas also states that the existence of at least one damp layer 


as low as 6,000 feet appears to be a necessary condition for the development 
of thunderstorms. 


The electrification of thunderclouds is explained by the well-known theo- 
ries of Wilson and Simpson. The mechanism suggested by Wilson as the 
cause of opposite charges on large and small drops inside a thundercloud 
depends upon the presence in the cloud of a number of slow ions. In the 
earlier stages of development of a thundercloud these may arise from natural 
sources, but later on they will be supplied in numerous numbers by brush 
discharges from water drops (Macky, 1933) drawn out by the field into pointed 
forms (Schonland, 1932). According to Simpson (1927) the generation of 
electricity is a consequence of the disruption of rain drops when caught in 
a vigorous convection current. A water drop with a radius of more than 
0-25 cm. becomes flattened out and unstable when it falls through the air 
with the result that it breaks up into a number of smaller drops. Since the 
terminal velocity of a falling drop with a radius of 0-25 cm. is 8 metres per 
second, it follows that no drop of water can ever fall downward through an 
ascending current of air whose vertical velocity exceeds 8 metres per second. 


Formation of a meteorolegical depression;s—Convection again plays an 
important part in the formation of depressions. The formation of a depres- 
sion involves the removal of large amounts of air for the fall of pressure. 
All theories put forward for explaining the formation of a depression 
are based on the existence of horizontal differences of temperature and the 
displacement of warm air by cold air. According to Brunt (1934) the most 
obvious method of removal of air is by means of a convection current, pro- 
duced by inequalities of temperature, or water vapour content or by the effect 
of surface discontinuity. If warm damp air is set in motion by its buoyancy the 
continuance of the upward motion as an effect of the condensation of 
moisture is easily understood. Such an ascending current has a scouring 
effect on the environment, the process being aptly described as ‘ eviction 
of air’. 
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It is thus seen from the above that vigorous convection plays a most 
important role in the formation of cumulus clouds, in the generation of elec- 
trical charges in thunderclouds and also in the formation of depressions. 
Convection is dependent on Solar Radiation and therefore it would be instruc- 
tive to consider how these effects are modified by the varying amounts 
of solar radiation received at various parts of the globe and at the various 
seasons. 


It is well known that thundeistorms are more frequent and more violent 
in the tropics. Simpson (1927) attributes this in the first place, to the larger 
water vapour content of the air in the tropics which provides the greater 
energy for driving the currents upwards to much greater heights. Secondly, 
the height at which the freezing point is reached is much greater and finally 
the stratosphere is so much higher that there is more vertical room in which 
the thunderstorms can develop. By an extension of the same argument, 
the cause of the smaller thunderstorm activity during the period of the winter 
monsoon as compared with that of the summer monsoon may be traced to 
the lower temperatures during the former period. 


There seems to be no doubt that convection is quite vigorous during the 
period of the winter monsoon. Napier Shaw (1930) points out that rainfall 
is the best index of convection and that the absence of rainfall is equally good 
evidence of the absence of any persistent ascending current. The large 
amount of rainfall that occurs on the outskirts of the depressions formed 
during the period of the monsoon, in the Bay of Bengal, is sufficient evidence 
of the existence of convection on a large scale. But there is no thunderstorm 
activity in spite of the large convection. 


Brunt (1934) points out that in addition to the mechanism that gives rise 
to vertical convection in any region where a lowering of pressure is taking 
place, there must be present some mechanism for removing the air that has 
ascended. Otherwise this vertical motion cannot continue for any length of 
time. The simplest mechanism that may be thought of is an upper current 
whose direction differs from that of the current in the lower troposphere. 
Brunt takes the outward motion of cirrus clouds from the centre of a 
cyclonic system as evidence of the existence of such a current. In the 
absence of some means of removal of the evicted air a thunderstorm is a 
more likely occurrence than a cyclonic system. The absence of’ thunderstorm 
activity during the winter monsoon period even when vigorous convection is 
taking place may probably be due to the causes enumerated above. 


Finally there is also the conductivity of the atmosphere. Considering 
the smaller space, in which thunderstorms during the winter may develop, 
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the intensity of the depressions formed during the period and the large 
amount of rainfall accompanying the formation of cyclonic systems, it may 
be expected that the conductivity of the atmosphere may rise to large amounts 
and give rise to leakage effects. Schonland (1932) from a study of the 
recovery curves of a thundercloud after a discharge showed that the electrical 
energy generated by the storm is only partially employed in the feeding of the 
flashes. At the moment just before the discharge most of the power of the 
machine is expended in overcoming various leakage effects. If the conducti- 
vity of the atmosphere becomes very large, it may happen that the poten- 
tial of the thunderclouds may never reach the sparking value. 


A review of recent work on Atmospherics in Nature (1936) states that 
it is now generally agreed that the majority of atmospherics encountered in 
Radio Communication originate in lightning flashes. When the storm is 
close to the receiver it is possible to identify the stronger atmospherics with 
the neighbouring flashes. It is therefore quite easy to understand that if the 
potential of the thunderclouds does not attain the sparking value no lightning 
flashes can occur and hence the amount of Atmospheric activity must be very 
small indeed. 


Some observations on the variation of Atmospheric activity with preci- 
pitation and conductivity lend support to the above view. Wiedenhoff 
(1921) found that atmospheric activity was at a minimum with maximum 
conductivity at a moderate height with overcast sky, with maximum relative 
humidity and minimum temperature. Rothe (1921) found that atmospherics 
produced by storm clouds cease as soon as uniform rain, starts. 


Thus the striking difference in the variation of Atmospheric activity in the 
periods of the Summer and the Winter Monsoon may be traced to (i) the lower 
temperature, (ii) the smaller height available for the development of thunder- 
storm activity, (iii) the operation of a mechanism by which the ascending 
current of air is removed by means of an upper air current and (iv) the larger 
leakage effects that are likely to prevent the charges in the cloud building 
up to the sparking value. 

Summary 


The paper discusses the characteristics of Atmospheric Activity during 
(i) the period of transition from the South West (or the summer) monsoon to 
the North East (or the Winter) monsoon, and (ii) the North East (or 
the Winter) monsoon. 


During the period of transition large peaks of activity are observed in 
the evenings and the early night. This activity appears to be governed mainly 
by the pressure regions which develop in the centre of the Peninsula by 
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the evening each day during this period. Activity in the later part of the 
night is on a small scale. 


It was pointed out in a previous paper that during the summer monsoon, 
unsettled conditions in the Bay of Bengal give rise to continuous Atmospheric 
Activity throughout the night; the formation of a depression is accompanied 
by large atmospheric activity in the early mornings; the movement of the 
depression inland by an increase in early night activity and the disappearance 
of early morning activity. It was further shown that the various stages in the 
formation, movement inland and finally the filling up of the depression could 
be followed with the aid of the Atmospheric Activity curves. 


During the period of the North East Monsoon, however, there is a strik- 
ing contrast. With the setting in of the monsoon the atmospheric activity 
becomes very feeble. Further, the little activity that does occasionally exist 
disappears on the accentuation of depressions that are formed in the Bay of 
Bengal and the Arabian Sea during this period. 


In the later part of the paper the probable causes for this difference in 
behaviour are discussed. It is suggested that this difference in behaviour 
may be due to (i) the lower temperatures, (ii) the smaller height available for 
the development of thunderstorm activity, (iii) the operation of a mechanism 
by which the ascending current of air is removed by an upper air current, and 
(iv) the larger leakage effects that are likely to prevent the charges in the 
cloud from building up to the sparking value. 


In conclusion I have much pleasure in expressing my thanks to Dr. S. 
Ramachadra Rao, p.sc. (London), Professor of Physics, for valuable guidance 
and helpful criticism. 
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A STUDY OF ‘CARPASEMINE’ ISOLATED FROM 
CARICA PAPAYA SEEDS 
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(Pharmacology Department, Seth G. S. Medical College, Parel, Bombay) 


Received July 21, 1943 
(Communicated by Dr. K. Venkataraman, F.A.Sc.) 


THE seeds of Carica papaya are said to possess powerful anthelmintic 
and emmenagogue properties.1 In order to verify these claims and other 
medicinal properties claimed for the seeds, a pharmacological study of the 
seeds was undertaken and as a part of the work the chemical analysis of seeds 
was first carried out. ' 

Reference to previous work on the subject showed that Greshoff? had 
isolated mainly from the leaves (and is also stated to have obtained from the 
fruit and seeds) of Carica papaya Linn., the alkaloid Carpaine, m.p. 121°. We 
have, however, isolated from the seeds a crystalline substance, melting at 165°. 
In a preliminary note* on the substance it was provisionally named ‘Carpase- 
mine’ because of its alkaloidal character, such as the presence of nitrogen 
in the molecule and positive results for tests with reagents for alkaloids. 

A careful examination of the constituent elements in the substance 
showed that it contained sulphur (instead of O, as was assumed in our pre- 
vious note) together with carbon, hydrogen and nitrogen. The results of the 
ultimate analysis of the substance as well as those of its molecular weight 
determination by cryoscopic method, indicated the molecular formula to be 
C,H, N.S, for the substance. The substance gave an acetyl derivative, m.p. 
131° and also formed a methiodide compound, m.p. 103°. However, it did 
not form salts with the common acids. On boiling the substance, m.p. 165°, 
with sodium hydroxide, an “ oil’ (A) and a product (B), m.p. 148-9° (in low 
yield), were obtained. Evolution of ammonia was noticed during the 
reaction. The “ oil’ (A) formed a hydrochloride, m.p. 245-6°. While the 
product (B) formed an acetyl derivative, m.p. 130° and was not found to 
contain sulphur. On oxidation, the product (B) yielded a compound, m.p. 
205-7°, which is under investigation. During the oxidation a distinct smell 
of benzaldehyde was noticed. Direct oxidation of the original substance, 
m.p. 165°, however yielded benzoic acid. 

The oxidation results indicated that the substance, m.p. 165°, contained 
a benzene ring with a side chain. Evolution of ammonia on boiling with 
sodium hydroxide, suggested it to be a substituted ammonia derivative, 
which could also form acetyl and methiodide compounds. While its weak 
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basic character together with the fact that it contained sulphur indicated it 
to be a phenyl derivative having probably as its side chain a heterocyclic ring 
containing S and N or a thiourea residue. 


On referring to the literature, it was found that benzylthiourea (or 
benzylthiocarbamide) possessed properties similar to those enumerated 
for the substance, m.p. 165°. In order to confirm this assumption, a direct 
comparison of the natural product and synthetic benzylthiourea was considered 
nesessary. The synthetic benzylthiourea was prepared by the scheme 
indicated below :— 


O™ Oo ic (ys 
(NpHtentirxct — 
v4 


The mixed melting point of the product, m.p. 165° isolated from the papaya 
seeds with the synthetic benzylthiourea (Salkowski)* showed no depression 
and thus established the identity of the former with the latter. The identity 
was further confirmed by the mixed melting point of their acetyl derivatives. 

It is known that substituted thioureas when boiled with aqueous alkali 
decompose into a substituted amine, carbon dioxide, hydrogen-sulphide and 
ammonia. In view of this fact, the “* oil’’ (A) obtained on boiling the sub- 
stance, m.p. 165° with alkali, was suspected to be benzylamine. The surmise 
proved to be correct as the mixed melting point determination of the 
hydrochloride of (A) and the hydrochloride of benzylamine showed no 
lowering. The other product (B) obtained on boiling the substance m.p. 
165° with alkali, appeared from its properties to be benzylurea (or benzylcar- 
bamide). It was subsequently identified to be benzylurea by a mixed melting 
point with synthetic benzylurea (Paterno and Spica). The action of 20% 
aqueous sodium hydroxide solution on benzylthiourea may, on the basis 
of the results obtained above, be representated as follows :— 


CH s*NH*CS:NHz NaOH+H:0 gn 
Z eerste 7 ORE 


> |CH2-NH, +CO,+NHs; 


The course of the reaction also explains the low yield of the intermediate 
product, benzylurea, in view of the possibility of its further hydrolysis into 
benzylamine, carbon dioxide and ammonia. 











142 T. B. Panse and A. S. Paranjpe 


The pharmacological study of benzylthiourea or ‘ carpasemine’ is in 


progress and the results of the investigation will be published elsewhere in due 
course. 


Experimental 


Isolation of the substance, m.p. 165°, from Carica papaya Seeds.—Dried 
papaya seed powder (100 gm.) was digested in Prollius’s fluid (approx. 550 
c.c.) with occasional shaking during forty-eight hours. The liquor was then 
filtered off and the seed powder discarded. The filtrate was allowed to evapo- 
rate at the room temperature, when an oil together with some solid was 
obtained as a residue. The solid after separation from the oil was crystallised 
from boiling water. The repeated crystallisations of the solid resulted in 
the formation of beautiful bunches of colourless crystals, m.p. 165°, yield 
0-35% of the seed powder. It may be mentioned here, that the yield of the 
substance was seriously hampered when the seeds were powdered long before 
the extraction. Analysis (Found: C, 57-95, H, 6°44, N, 16-3, S-19-3%, 
C,H, N.S requires C, 57-8, H, 6-0, N, 16:9, S, 19-3%). The molecular 
weight of the substance (determined by the cryoscopic method, using nitro- 
benzene as solvent) was found to be 163 which indicated the molecular formula 
C,H,,N.S for the substance. The substance is bitter to taste. It is insoluble 
in cold water, petroleum ether and benzene but fairly soluble in alcohol and 
acetone. A mixed melting point of the substance with benzylthiourea 
(Salkowski,* m.p. 164°) showed no depression. 

Acetyl derivative of the product, m.p. 165°—was prepared with sodium 
acetate and acetic anhydride as usual. The acetate crystallised from 40% 
alcohol into prisms, m.p. 131°. Analysis (Found: N, 13-2%; C,gH,.N,OS 
requires N, 13-46%). The mixed melting point of this acetate with the 
acetate of benzylthiourea (Werner,® m.p. 129-30°) showed no depression. 

Methiodide of the product, m.p. 165°.—Equimolecular quantities of 
methyliodide and the product, m.p. 165°, were added to methyl alcohol 
and refluxed on a water-bath for four hours. Alcohol was then distilled off 
and a sticky residue was obtained. The residue, which solidified on keeping, 
was crystallised from benzene into fine hexagonal crystals, m.p. 103-5°. 
Analysis (Found: N, 9-1%, C,H,3N.SI requires N, 9-0%). 
was fairly soluble in water. 

Oxidation of the product, m.p. 165°.—0-5 Gm. of the product, m.p. 165°, 
was dissolved in warm water and (30 c.c) of potassium permanganate solu- 
tion (2%) was added to it in dropwise manner. After the reaction was over 
the manganese dioxide precipitate was filtered off. The excess of potassium 
permanganate in the filtrate was then destroyed with a few drops of alcohol 
and manganese dioxide precipitate again filtered. The resulting clear filtrate, 


The product 











- 


— —— eS A SD eee 





EE 


e 5 








A Study of ‘Carpasemine’ /solated from Carica papaya Seeds 143 


on cooling was extracted with ether, which on dehydration with anhydrous 
sodium sulphate followed by evaporation yielded a solid, m.p. 120°. It was 
identified as benzoic acid. 


The action of alkali on the product, m.p. 165°.—0:5 Gm. of the product, 
m.p. 165°, was refluxed with 20% aqueous sodium hydroxide solution (75 c.c.) 
for four hours. During the reaction a distinct smell of ammonia was percep- 
tible. The alkaline reaction mixture on cooling, was extracted with ether. 
Dehydration of the ethereal layer with anhydrous calcium chloride followed by 
evaporation gave a crystalline solid and an oil. The solid was separated from 
the oil and crystallised from benzene into light lustrous needles, m.p. 148-9°. 
Yield 7%. Analysis (Found: C, 64-52; H, 6°75; N, 18-57%; C,H,gN.O 
requires C, 64-00, H, 6-4, N, 18-66%). A mixed melting point of the 
product, m.p. 148-9°, with benzylcarbamide (Paterno and Spica,’ m.p. 147°) 
prepared from benzylamine and potassium cyanate showed no depression. 


Acetate of the product, m.p. 148-9°—was prepared with sodium acetate 
and acetic anhydride as usual. The acetate was crystallised from boiling 
water and was found to melt at 130°. Analysis (Found: C, 62-95, H, 6-42, 
N, 14-55%; Cy9H,,0.N. requires C, 63-0, H, 6-25, N, 14-6%). 

Oxidation of the product, m.p. 148-9°.—0-225 Gm. of the product m.p. 
148-9°, was dissolved in warm water and 15 c.c. of potassium permanganate 
solution (2%) was added to it in a dropwise manner. During oxidation bit- 
ter almond-oil-like smell was noted. After the reaction was complete, the 
manganese dioxide precipitate was filtered off. The excess of potassium 
permanganate in the filtrate was destroyed with a few drops of alcohol and the 
precipitate of the manganese dioxide again filtered off. The resulting clear 
filtrate was concentrated on a water bath and on cooling, deposited beautiful 
hexagonal crystals, m.p. 205-7°. The product is under further investigation. 


Hydrochloride of the oil obtained in the alkali boiling of the product, m.p. 
165°.—A few drops of the oil were treated with conc. hydrochloric acid when 
a solid was thrown down immediately. The solid crystallised from alcohol 
into thin rectangular plates melting at 245-6°. The hydrochloride did not 
show any lowering in the melting point when admixed with benzylamine 
hydrochloride (Curtius and Lederer,’ m.p. 246°). 


Synthesis of Benzylthiourea——To a warm solution of sodium cyanide 
(52 gms.) in water (45 c.c.) was slowly added benzyl chloride (103 gm.) diluted 
with equal volume of alcohol. The reaction was completed by heating on a 
water-bath for three hours. Sodium chloride was removed by filtration and 
alcohol distilled off from the filtrate. Benzyl cyanide separated as an oil from 
the residual aqueous portion and purified by distillation under reduced 
pressure 10 mm. had a b.p. 115-20°. (Cannizzaro,® b.p. 115-20°.) Yield 
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80 gm. benzyl cyanide (10 gm.) prepared as above was mixed and shaken 
with sulphuric acid (15 gms. D. 1-82) care being taken that the temperature 
is not raised above 65-70°. After the heat of the reaction was over, the mass 
was poured in water. The resulting precipitate of phenylacetamide was 
purified by treatment with sodium bicarbonate solution, followed by wash- 
ing with water and crystallisation from hot water, m.p. 155° (Purgotti,® m.p. 
155-6°). To 135 gm. of phenyl acetamide (1/10 mol.) prepared as above 
was added bromine (8-0 gm. 1/10 mol.) dissolved in 4 molecular proportions 
of potassium hydroxide in 16 parts of water. The solution was heated rapidly 
and as soon as a clear solution was formed, it was distilled off to obtain 
benzylamine as an oil in the distilate, b.p. 185° (Hoogewerff and yan Dorp,” 
b.p. 185°). The benzylamine by treatment with hydrochloric acid was 
converted into its hydrochloride, m.p. 245° (Curtius,’ m.p. 246°). The hydro- 
chloride on heating with equimolecular quantity of potassium sulphocyanide 
at a temperature of 120° for fourteen hours, yielded a brownish residue which 
after washing with cold water, was crystallised from boiling water into colour- 
less needles. The benzylthiourea melted at 164° (Salkowski,* m.p. 164°), 
Yield 80%. 
Summary 


From the seeds of Carica papyya a substance, m.p. 165° (C,H,,N.S) 
has been isolated for the first time and named ‘ Carpasemine’ to indicate 
its source. The chemical properties of ‘Carpasemine’ together with its 
degradation products have been studied and some new derivatives have been 
prepared from it. ‘ Carpasemine’ has been identified to be benzylthiourea 
or benzylthiocarbamide by mixed melting point with the synthetically prepared 
benzylthiourea. The identity has also been confirmed through the mixed 
melting point of their derivatives. 


The present investigation forms a part of the Indigenous Drugs Inquiry 
financed by the Indian Research Fund Association, to which our thanks 
are due. 
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Calotropis gigantea is a shrub common in the eastern and southern parts of 
India, Ceylon and Eastern Asia. The milky juice obtained from it is used for 
medicinal and insecticidal purposes and frequent cases of criminal poisoning by 
its means are known. The possibilities of obtaining a guttapercha-like solid 
from this latex have also been considered in the past. Its chemical com- 
position was first investigated by Basu and Nath? who employed the dried 
latex. From the unsaponifiable portion of the ether-soluble matter they 
isolated, after repeated purification, a product which was considered by them 
to be a sterol of the formula C,,H,,O. It was named calosterol. They, 
however, noted that this substance did not form a precipitate with digitonin 
and in most of its reactions differed from ordinary sterols. As part of their 
investigations on African arrow poisons G. Hesse and co-workers? examined 
the mixed latex obtained from Calotropis procera and Calotropis gigantea. 
From the alcohol-soluble portion were obtained usharin, calotoxin and 
calactin which belong to the group of cardiac poisons. 


Considerable quantities of the latex can be collected easily and the mate- 
rial is best preserved by adding a little chloroform. Some amount of preli- 
minary investigation had to be done in order to work out the most suitable 
method of separating the components. The procedure adopted by Basu and 
Nath of drying the whole material so as to obtain a solid does not seem to be 
satisfactory, since it leads to undesirable decompositions and the separation 
of the various components from the resulting product is also difficult. 
Coagulation by simple heating or by treatment with acids with a view to 
separate fractions is better, but still not adequate. The most satisfactory 
procedure is to add enough alcohol to produce a filterable precipitate and a 
clear filtrate, and it renders the separation of the various components more 
easy. The soft coagulum (I) and the aqueous alcoholic solution (II) were 
separately examined. 





* At present working in the Laboratories of the Board of Scientific and Industrial Research, 
Delhi. : 
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The coagulum (I) was repeatedly extracted with boiling alcohol and sub- 
sequently withether. It was finally separated into a sticky solid (I a), which 
was difficultly soluble in ordinary solvents and which is still under 
investigation and a portion easily soluble in ether (Ib). The above sepa- 
ration rendered the study of the ether-soluble fraction more easy. This 
was a crystalline solid melting between 120° and 170°. With a view to 
understand the nature of the components present, colour reactions were 
carried out using several reagents. The most characteristics reactions 
were a deep pink colour with the Liebermann-Burchard reagent and a 
yellow solution with the Salkowski reagent and these indicated the 
presence of triterpene compounds. With a view to obtain some infor- 
mation about the exact condition in which these compounds occur and 
if possible to obtain a pure substance repeated crystallisation was carried 
out. A small amount of a fraction melting at 248-50° (solid A) could 
be isolated; it will be described later on. The remaining portion was, 
therefore, subjected to saponification and the unsaponifiable matter and 
the fatty acids analysed separately. 


The unsaponifiable matter was a pale yellow solid and consisted mostly 
of resinols. It was divided into two fractions using solubility in alcohol: 
less soluble (B) and more soluble (C). Since no definite entity could be 
obtained from them by adopting methods of crystallisation, they were indepen- 
dently subjected to acetylation and benzoylation and these esters were subse- 
quently subjected to fractional crystallisation. Such a procedure has yielded 
very good results in the hands of Heilbron and co-workers in similar cases. 
The existence of a- and f-amyrins and of lupeol in the waxy portion of 
Decalepis Hamiltonii and Hemidesmus indicus could be established by adopting 
this technique.* By the acetylation of (B) and crystallisation of the mixed 
acetates using ethyl acetate a definite compound melting at 250-51° could be 
obtained as the major product. Its sparing solubility was noteworthy; 
its crystal structure (elongated hexagonal plates) was very characteristic and 
was very sensitive to the presence of impurities; [a]#°, + 98-0° in benzene 
solution. With Liebermann-Burchard reagent it produced a pink solution 
which deepened slowly to purple. The colour faded very slowly and after 
several hours it appeared to be pale blue and eventually turned yellowish 
brown. With Salkowski’s reagent it produced a yellow solution exhibiting 
powerful green fluorescence. These colour reactions seemed to be individual 
characteristics of the substance and also indicated that it belongs to the tri- 
terpene group. This surmise was supported by the results of combustion 
analysis which corresponded to the formula, C;,H,.O, and by a molecular 
weight determination. The latter value was obtained by employing the 
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saponification equivalent, since it could not be correctly obtained by the 
camphor method of Rast. Hydrolysis of the acetate gave rise to an alcohol 
melting at 204-5° [a]#°, + 102-0° in benzene solution and its composi- 
tion corresponded to the formula, C,,H;sO. It formed no combination 
with digitonin. Since it did not appear to be identical with any known 
compound it has been given the name, a-calotropeol indicating 
its isolation from Calotropis. Its benzoate melted at 273-74°, [a]#°, + 74-3° 
in bezene solution. Thus the alcohol and its esters are all dextro- 
rotatory. From a determination of the iodine value of the acetate 
the presence of one double bond in the compound could be established. 
From the mother liquors left after the separation of a-calotropeol-acetate, 
small quantities of the acetates of another new alcohol, f-calotropeol (see 
below) and of f-amyrin could be obtained with great difficulty. However, 
p-calotropeol was more easily obtained in good quantity as its benzoate 
from the crystallisation of the mixed benzoates produced by the benzoylation 
of the original resinol mixture (B). 

By the repeated crystallisation of the mixed benzoates a substance 
melting sharp at 279-80° could be isolated. It was different from 
a-calotropeol benzoate, the mixed melting point being depressed 
and its specific rotation, [a]#?°, + 69-0° in benzene solution was also 
different thus showing that they are different substances. However, from 
combustion analysis and molecular weight determination it was found to be 
isomeric. The free alcohol obtained from it melted at 216-17° and had 
the specific rotation, [a]#°, + 50-9° in benzene solution and was thus 
different from a-calotropeol. It was, therefore, named f-calotropeol. It 
resembled a-calotropeol in its composition and colour reactions. The 
individuality of B-calotropeol was further supported by the preparation of the 
acetate which was found to melt at 238°, [a]#°, +43-9°, and to be quite 
different from a-calotropeol acetate, the mixed melting point being depressed. 
It should be mentioned here that the calotropeols were found to be stable 
and their acetates did not undergo any change on boiling with formic acid. 

The more soluble fraction (C) of the unsaponifiable matter was 
similarly analysed. The acetate method seemed to be the most satisfactory 
in this case and by the crystallisation of the crude acetates, a pure substance 
melting sharp at 239-40° could be isolated. It had the formula, C,,H,,O, and 
gave colour reactions characteristic of pentacyclic triterpenes. On hydrolysis 
it yielded an alcohol melting at 196-97°. The acetate and the alcohol were 
found to be identical with f-amyrin acetate and f-amyrin respectively by 
comparison with authentic samples obtained from the roots of Decalepis 
Hamiltonii. The more soluble portion of the acetates yielded finally a fraction 
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melting at 172-74° and its composition corresponded to the formula, 
C3,H;,02. It was dextro-rotatory. The colour reactions, however, were 
different from those of the above compounds; with both the Liebermann. 
Burchard and Salkowski reagents it produced yellow solutions with green 
fluorescence. This fraction seemed, therefore, to contain tetracyclic 
triterpenes and this surmise was confirmed by treatment with formic acid or 
with chloroform saturated with hydrogen chloride. The new product melted 
between 211 and 215° and gave the colour reactions of the pentacyclic tri- 
terpenes (similar to B-amyrin). Thus the presence of mixtures of f-amyrin 
and tetracyclic resinols was established. 


By the decomposition of the soap obtained from the saponification of 
the ether-soluble portion of coagulum (I) were produced only steam-volatile 
fatty acids. The existence of acetic acid and of isovaleric acid in the 
mixture was indicated by the lanthanum nitrate test® for the former and the 
characteristic smell of the latter. An artificial mixture of the two acids could 
be prepared having practically the same smell as the steam-volatile acids 
obtained from the latex. 


Summing up the results, the ether-soluble portion of the coagulum consists 
of the esters of triterpene alcohols (acetates and isovalerates). a- and f-calo- 
tropeols occur in equal amounts and they form the major portion; f-amyrin 
comes next and small amounts of tetracyclic compounds also seem to exist. 


The aqueous alcoholic solution (II) left after the separation of the 
coagulum contained substances which could be extracted by means of ether 
and chloroform. These, afier purification using chloroform and petroleum 
ether, yielded a colourless crystalline substance (mixture of compounds) 
melting at about 242°. Its colour reactions and solubility indicated that it 
was not a wax component but belonged to the group of cardiac poisons 
described by Hesse et al. This mixture was highly toxic to fish, gave tests 
for N and S indicating that compounds containing these elements were present. 
Further study of this material is in progress. The aqueous alcoholic solution 
from which all ether- and chloroform-soluble matter had been removed, 
deposited slowly a colourless solid, and this was identified as calcium oxalate 
by qualitative and quantitative analyses and examination of its crystalline 
structure. It is probable that the irritating effect of the latex when rubbed 
on the skin is due to the presence of this substance in a very fine crystalline 
condition. This phenomenon has been noticed in some other cases, one 
such being Vitis quadrangularis.* 


The following chart embodies in brief the isolation of the various frac- 
tions and their compositions. 
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Latex (600 c.c.) 
Alcohol 
[ l 
— dp — (1) 
| | | | 
Cardiac poison Calcium oxalate (1 5) (Ia) 
(2:4 g.) (6-0 g.) Ether-soluble sticky solid 
matter (10-0 g.) 
(20-0 g.) 
| 
| \ 
Fatty acids (2-5 g.) Unsaponifiables (17-0 g.) 
Isovaleric, ; 


acetic 


(C) (4-0 gs) ©®) (13-0 8.) 
p-Amyrin, a-Calotropeol, 
Tetracyclic B-Calotropeol, 
compounds p-Amyrin 
As already mentioned Basu and Nath investigated the ether extract 
of the dried latex and claimed to have obtained as the sole crystalline 
component of the unsaponifiable matter a new sterol called calosterol. 
Though its reactions were abnormal for a sterol they seem to have been led 
to this opinion by the formula, C.gH,,O that they obtained for it. However, 
the carbon analysis of calosterol and of its acetate and benzoate agree closely 
with the values required for the monohydric triterpene alcohols, C,;7H;gO 
and their derivatives, though the recorded hydrogen values of the former are 
low all through. From the results of the present work and particularly 
from a comparison of the melting points it seems to be quite possible that 
the above authors were dealing with a mixture of resinols. It was probably 
contaminated with cardiac poisons since these are also soluble in ether and 
would get into the ether extract when the whole of the latex in a dry condi- 
tion is extracted. The cardiac poisons give an immediate green colour with 
the Liebermann-Burchard reagent and their presence might have contributed 
to the colour changes observed with calosterol when treated with this reagent. 


It may be mentioned in this connection that the latex of another species 
of Calotropis, Calotropis procera has been recently analysed by Hesse’ et al. 
and has been found to contain a triterpene alcohol. From the abstract of the 
paper which alone is now available it could be seen that the sole alcoholic 
component of the latex is a-lactucerol. It has a melting point of 224-25°, 
[a]p>, +97-5° and its acetate and benzoate melt at 252° and 257° respectively. 

On boiling with formic acid it isomerises to iso-lactucerol melting at 
201°; [a]#°, + 66-8°. The acetate and benzoate of iso-lactucerol melt 
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at 237° and 271° respectively. The alcohols are given the formula C59H,O 
and they produce colour reactions similar to those noted for the calo- 
tropeols. They are described as pentacyclic triterpene alcohols. These 
observations are in accord with the results of the present investigation of the 
latex of Calotropis gigantea, that the components are resinols though the 
compounds present in the two species are different. They further support 
the conclusion that ‘calosterol’ should be considered to be a mixture of 
triterpene alcohols, 


With regard to the composition of the latex of Calotropis procera 
Hesse et al. found it to contain (1) cardiac poisons and (2) esters of 
a-lactucerol with steam-volatile fatty acids. The present investigation 
shows that the latex of Calotropis gigantea contains (1) cardiac poisons, 
(2) esters of a-and -calotropeols and f-amyrin with steam-volatile fatty 
acids and (3) calcium oxalate. Besides others the most characteristic 
difference between a-lactucerol and the resinols of C. gigantea is that the 
former undergoes isomeric change when treated with formic acid, whereas 
the latter are stable to such treatment. 


Experimental 


Fresh latex was @ollected in bottles containing a few drops of chloro- 
form. In order to bring about coagulation of colloidal matter, it 
(600 c.c.) was treated with rectified spirits (200 c.c.), the mixture was well 
stirred and set aside for some hours. The coagulum (I) (35-0 g.) was 
separated from the aqueous alcoholic mother-liquor (II) by filtration under 
gentle suction and the two were examined separately. 


The soft coagulum (I) was boiled with alcohol (500 c.c.) under reflux, 
filtered and the extraction repeated twice again using 250 c.c. of alcohol each 
time. The residue was then extracted repeatedly with boiling ether till no 
more went into solution. A small sticky portion (Ia), pale yellow in 
colour was left behind; it was difficultly soluble in ordinary solvents, 
contained a little mineral matter and gave tests for phosphate. The 
combined alcoholic extract deposited on standing a bulky solid which 
was completely soluble in ether. It closely resembled the ether extract 
and was therefore added to it (1b). On evaporating the clear alcoholic 
solution a yellowish brown sticky solid was obtained. It resembled (I a) 
closely and the two were mixed together (10-0 g.). This is under further 
investigation. 


Ether solution, (1b) (Resinol esters, 20 g.).—On distilling off the solvent 
completely the dry residue was obtained as a colourless, non-sticky solid 
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melting indefinitely between 120° and 170°. To effect, if possible, the isola- 
tion of pure compounds by direct crystallisation, it (25-0 g.) was dissolved 
in boiling ethyl acetate (300 c.c.) and the solution was left undisturbed for 
about 6 hours. A glistening mass of colourless crystals melting at 210-15° 
separated out. Two more crystallisations of this solid (5-0 g.) from the 
same solvent yielded a product melting at 230-35°. Further repeated crys- 
tallisation using ether and ethyl acetate alternately left a small amount 
of (0-5 g.) of a pure product melting at 248-50° (A). Description of this 
substance has been postponed for the present. 


All the impure fractions were mixed together. The solid (20-0 g.) was 
dissolved in benzene (200 c.c.), N/2 alcoholic potash (500 c.c.) added and the 
contents were boiled under reflux for 15 hours. By this time a large amount 
of a crystalline solid (needles) was found to separate out. The solvents 
were removed by distillation as far as possible, water was added to the 
residual mixture and boiled. The unsaponifiable matter was isolated by ether 
extracting the aqueous suspension; during this operation no emulsions were 
formed and the soap solution remained clear all the time. 


Fatty acids (acetic and isovaleric acids).—Before decomposing the soap 
solution with acids the last traces of alcohol were carefully removed by 
heating under reduced pressure. This precaution is necessary, since lower 
fatty acids readily form volatile esters with alcohols in the presence of 
mineral acids and thus give rise to complications. The acidified solution 
did not form any layer of insoluble fatty acids and hence the clear solution 
was subjected to steam distillation. The distillate (2 litres) was ether 
extracted, the extract dried over anhydrous sodium sulphate and finally 
distilled to recover the solvent. The liquid residue was strongly acidic in 
reaction and had an offensive smell. Treatment with lanthanum nitrate® 
produced a blue solution indicating the presence of acetic acid and the smell 
was characteristic of isovaleric acid. Careful comparison of the odour of 
a dilute solution of the mixed fatty acids with a similar solution containing 
authentic samples of acetic and isovaleric acids confirmed the presence of 
these two acids in the mixture. 


The residue in the distilling flask was a clear solution. It was repeatedly 
extracted with ether and the ether solution evaporated. The absence of any 
residue showed that solid and liquid non-volatile fatty acids were absent. 


Unsaponifiable matter, Resinols (17-0 g.).—The ether solution of the 
unsaponifiable matter was distilled in order to remove the solvent com- 
pletely. The residue (17-0g.) was a pale yellow solid containing some 
colourless crystals. It was readily soluble in benzene, ethyl acetate and 
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ether, but was much less soluble in both methyl and ethyl alcohols. When 
the whole solid was boiled under reflux with rectified spirits (400 c.c.) and 
the contents allowed to stand overnight a crystalline solid (B) separated out. 
It was filtered off and the alcoholic filtrate concentrated in stages. Since 
no more crystalline solid could be obtained by this process, the whole of 


the filtrate was evaporated to dryness and the residue (C) was separately 
examined. 


Solid (B) (13-0g.), a- and B-calotropeols and B-amyrin.—This fraction 
crystallised from alcohol in long colourless needles melting at 120-70°. 
Simple crystallisation from ordinary solvents a number of times did not 
yield sharp melting substances. Consequently esters (acetate and benzoate) 
were prepared and studied. 


Acetate method (a-calotropeol acetate).—The resinol mixture (8-0 g.) 
was dissolved in acetic anhydride (20c.c.), anhydrous sodium acetate 
(5-0 g.) was added and the mixture was kept boiling under reflux for 34 hours 
in an oil-bath. It was cooled, diluted with water (300 c.c.) and kept in the 
ice-chest overnight. The separated solid was extracted first with excess of 
boiling ether and subsequently with boiling benzene. Only a little dark 
resinous matter was left behind and it was discarded. Both the ether and 
benzene solutions were decolourised by warming with ‘ norit’ and con- 
centrated independently. They yielded the same crystalline solid melting 
at about 230° which when recrystallised from ethyl acetate melted at 
240-44°. The two. fractions from the two solvents were mixed together 
and twice crystallised from ethyl acetate when a compound melting at 
250-51° was obtained (0:5 g.). 


The crystal structure was quite characteristic; the compound came out 
slowly in the form of glistening, elongated hexagonal prisms. It was very 
sparingly soluble in both ethyl and methyl alcohols, moderately soluble in 
ether and ethyl acetate and readily soluble’ in chloroform and _ benzene. 
With Liebermann-Burchard reagent it produced a pink solution which very 
slowly faded to a yellow brown. With the Salkowski reagent it formed a 
yellow solution exhibiting green fluorescence. Treatment with _ boiling 
formic acid did not produce any change. [Found: C, 82-5; H, 11-2; 
CygH,.0, requires C, 82-1; H, 11-1%]. [a]}#°, + 98-0° in benzene solution. 
The molecular weight of the acetate was determined by finding the saponi- 
fication equivalent. The solid was dissolved in benzene, excess of N/2 
alcoholic potash was added to it and the contents were boiled under reflux 
for 3 hours. A blank experiment was conducted simultaneously. The 
unused alkali was estimated by titration with standard acid. The molecular 














Chemical Composition of Calotropis gigantea—/ 153 


weight was found to be 462 and that required for the formula given above 
is 468. The iodine value was determined as follows: The substance 
(0-2180 g.) was dissolved in carbon tetrachloride (20 c.c.), an equal amount of 
iodine chloride solution was added and the contents were kept in the dark 
for 3 hours. The excess of iodine was then titrated in the usual way with 
sodium thiosulphate. The I. V. obtained was 57-4 and that required for 
one double bond in the above formula 54-2. 


a-Calotropeol.—The acetate (2:0 g.) was dissolved in benzene (50 c.c.), 
an equal amount of 5% alcoholic potash was added to it and the mixture 
was boiled under reflux for 5 hours. The major bulk of the solvents was 
distilled off and the residue was diluted with water. The resulting solid 
was washed free of alkali and dried. It was dissolved in a mixture of boiling 
acetone (125c.c.) and ether (20c.c.) and allowed to crystallise slowly in the 
refrigerator. A good amount of crystalline solid was collected at the 
bottom of the flask and was recovered by filtration. It appeared as trans- 
parent rods and narrow plates under the microscope and meited at 204-5°. 
It resembled the acetate in its solubility in the ordinary organic solvents 
except benzene in which it was more sparingly soluble. It gave a bright 
pink solution immediately with the Licbermann-Burchard reagent ; the 
colour changed to purple in about an hour; after 2 hours it was pale blue 
and slowly faded to yellowish brown (5 hours). These changes could be 
brought about rapidly by the addition of a few drops of water. With the 
Salkowski reagent the sulphuric acid layer was coloured orange-yellow 
exhibiting deep green fluorescence. [Found: C, 84-6; H, 11-4; C39H,,O 
requires C, 84-5; H, 11-7%]. [a] #°, + 102-0° in benzene solution. 

Benzoate of a-Calotropeol._—The crystalline alcohol (0-6 g.) was dissolved 
in benzene (40 c.c.) and pyridine (8 c.c.) and benzoyl chloride (7 c.c,) were 
added to it. The mixture was set aside for 12 hours and then heated under 
reflux for 3 hours on a water-bath. The solvents were removed under 
low pressure and the resulting residue was dissolved in ether-benzene 
mixture (150c.c.). The solution was washed with 1% sodium hydroxide 
solution followed by aqueous sulphuric acid. Finally it was washed free 
of acid with water. It was dried over anhydrous sodium sulphate and 
gently warmed to remove the ether as far as possible. To the concentrate 
(20 c.c.) an equal amount of alcohol was added and the mixture was allowed 
to cool slowly. A crystalline solid melting at 273-74° was obtained and no 
change in the melting point was effected by crystallising it from ligroin 
(20c.c.). It crystallised in the form of broad rectangular plates. [Found: 
C, 83-6; H, 9-8; Cs,H;4O2 requires C, 83-8; H, 10-2%]. [a] p, + 74°3° in 
benzene solution. It gave the same colour reactions as the acetate. 
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Isolation of acetate of B-calotropeol and B-amyrin.—The ethyl acetate 
mother-liquor left after removing the acetate of a-calotropeol was concentrated 
and the earlier fractions which were mixtures of this compound were removed. 
Later a small fraction melting at 232-35° was obtained. Repeated 
recrystallisation of this from ethyl acetate yielded a product melting 
at 238-39° which proved to be identical with f-calotropeol acetate (see 
below). Though the existence of B-calotropeol in the resinol mixture was 
thus indicated, its isolation in larger quantities was conveniently effected by 
the benzoate method. 

The final ethyl acetate filtrates from which the acetates of the calotro- 
peols had been separated and the original ether and benzene mother-liquors 
were all united, evaporated to dryness and the residue carefully studied. It 
(4-0 g.) was dissolved in ether (150 c.c.), an equal amount of alcohol was 
added and the contents were stirred well. Immediately a solid melting at 
205-8° and containing acetates of calotropeols separated out; it was 
removed by filtration. The mother liquor was concentrated in stages and 
five fractions were collected. The first of these melted between 173-85° 
and the last 90-135°. The last two fractions were coloured yellow. By 
fractionation of these several times from acetone and ethyl acetate, a small 
amount of a solid melting at 190-206° was collected. Further crystallisa- 
tion from benzene-alcohol mixture and finally ethylacetate yielded a product 
melting at 239-40° and crystallising in the form of long prismatic rods. It 
produced a pink solution with the Liebermann-Burchard reagent and no 
change in the colour was effected by the addition of water; with the 
Salkowski reagent a yellow solution was formed. It was different from the 
acetates of the calotropeols and the mixed melting points with these com- 
pounds were considerably depressed. From its properties it appeared to 
be B-amyrin acetate and this surmise was proved to be correct by a mixed 
melting point determination using an authentic sample of B-amyrin acetate 
obtained from the roots of the Decalepis. On hydrolysis it yielded B-amyrin. 

Benzoate method (8-calotropeol benzoate).—Solid (B) (5-0 g.) was dis- 
solved in benzene (30c.c.), benzoyl chloride (12 ¢.c.) and pyridine (10 c.c.) 
were added and the contents were set aside for 12 hours. Then the mixture 
was heated on a water-bath for 5 hours. The solvents were removed com- 
pletely under low pressure and the residue was taken up with water. The 
aqueous suspension was extracted with a mixture of ether and benzene (2: 1), 
(300 c.c.) in small lots and the ether-benzene layer was washed with 1% 
aqueous sodium hydroxide, dilute sulphuric acid and water in succession. 
The solution on concentration to about 100c.c. deposited a solid (3-0 g.) 
melting at 200°. It was digested with ether (100 c.c.) and the ether-insoluble 














Chemical Composition of Calotropis gigantea—/ 155 


portion was carefully separated by decanting off the solution. On crystalli- 
sation from a mixture of benzene and alcohol (50 c.c.) it yielded a fraction 
(0-8 g.) melting at about 260°. Further purification of the solid was effected 
by dissolution in petrol (50c.c.) and cooling the solution in ice after con- 
centrating to half the bulk. As a result a solid (0-4 g.) melting at 274-77° 
separated out and after one more crystallisation from the same solvent it 
was obtained as long rectangular plates melting at 279-80°. No more rise 
in the melting point could be effected by further purification. With the 
resinol colour reagents it reacted to produce coloured solutions similar to 
those given by a-calotropeol and its derivatives. [Found: C, 83-7; H, 10-4; 
Cy,H,,Oz requires C, 83-8; H, 10-2%]. [a]#°, + 69-0° in benzene solution. 
The molecular weight determined as already described by finding the saponi- 
fication equivalent was 538, the value required for the above formula being 
530. The mixed melting point with a-calotropeolbenzoate was consi- 
derably depressed. 


B-Calotropeol—The benzoate (0-8g.) was dissolved in benzene 
(45c.c.) and the solution was boiled with an equal amount of N/2 alcoholic 
potash for 5 hours. The major bulk of the solvents was distilled off and 
the residue was treated with water. The -resulting solid (8-calotropeol) 
was filtered and washed free of alkali. It melted at 216-17°, after a 
crystallisation from benzene-alcohol mixture (2:1). On concentrating the 
mother-liquor in stages, only the above substance could be obtained. The 
alcohol as well as the benzoate were thus shown to be pure. The mixed 
melting point with a-calotropeol was found to be depressed (175--95°). 


B-Calotropeol appeared as prismatic rods under the microscope. It 
was practically insoluble in alcohol and readily dissolved in ether, chloro- 
form and benzene. In the last solvent its solubility was less than that of its 
acetate, (see below). It produced the same colour reactions with the 
Salkowski and the Liebermann-Burchard reagents as a-calotropeol. [Found: 
C, 84-7; H, 11-2; and Cy gH5gO requires C, 84-5; H, 11-7%.] [a]#°, 
+50-9° in benzene solution. [Found: iodine value, 57-8; C3g9H;9O 
requires for one double bond, 59-6]. 


8-Calotropeol Acetate.—-Calotropeol (0-5 g.) was dissolved in acetic 
anhydride (10 c.c.), a few drops of pyridine were added and the solution 
boiled for 3 hours. On adding water and allowing the contents to stand 
overnight the acetate separated out as a colourless solid. It was crystallised 
from ethyl acetate (20c.c.) and the resulting crystalline compound melted 
at 238°. Under the microscope it appeared as elongated hexagonal plates. 


When crystallised from benzene-alcohol mixture, it was obtained as a woolly 
A3 
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crystalline mass and it appeared as thin rods under the microscope. It was 
easily soluble in benzene and chloroform, moderately soluble in ether and 
ethyl acetate and practically insoluble in ethyl and methyl alcohols. It 
produced the same colour reactions as the benzoate. The substance was 
unaffected when boiled with formic acid. [Found: C, 81-7; H, 10-9; 
and C,;.H,;,0, requires C, 82-1; H, 11-1%.] [a]#?°, + 43-9° in benzene 
solution. Mixed melting point with a-calotropeol acetate was found to 
be depressed (225-230°). 


When the mother-liquors from the crystallisation of the benzoate 
mixture were worked up some more of the f-calotropeol benzoate could be 
obtained and it was not possible to isolate a-calotropeol or B-amyrin esters. 


Solid (C) (4-0 g.) (8-amyrin and tetracyclic compounds).—It was yellow 
in colour and sticky to the touch and was found to be soluble in all organic 
solvents making purification by crystallisation difficult. From its colour 
reactions it was considered to consist mostly of resinols. To facilitate the 
isolation of crystalline products it was studied by the acetate method. Its 
acetylation was carried out in the usual way by boiling the solid (4-0 g.) with 
acetic anhydride (15 c.c.) in presence of sodium acetate for 3 hours. The 
mixture was diluted with water and after allowing to stand for some hours 
it was ether extracted. On concentrating the ether solution to about 30 c.c. 
a crystalline solid mixed up with an yellow amorphous substance separated 
out. Repeated washing with small quantities of ether removed the coloured 
portion leaving behind colourless crystals melting at 218-30°. Two more 
crystallisations of the above fraction (1-5 g.) from ethyl acetate resulted in 
the separation of a colourless crystalline compound melting sharp at 240°. 
It was identified as B-amyrin acetate by making a mixed melting point 
determination with an authentic sample. 


The ether mother-liquor and washings, on careful concentration in 
stages, deposited some more of crude amyrin acetate. The final solution 
was evaporated almost to dryness when a residue was obtained in the form 
of a thick syrup. It was shaken well with acetone (30c.c.) and on allowing 
the contents to stand for about 6 hours a colourless solid melting at 148-60° 
was deposited. The mother-liquor on careful manipulation yielded some 
more of the above solid. On crystallisation from acetone it was obtained 
in the form of broken cubes and it melted at 170-74°. Further purification 
was not attempted since the yield of the substance was only 0-5g. [Found: 
C, 82-6; H, 11-2; C,,H;,0, requires C, 82-1 and H, 11-1%]; [a]ze°, 
+ 44-0° in benzene solution. It differed from 8-amyrin acetate in producing 
a yellow solution exhibiting green fluorescence with Liebermann-Burchard 

















Chemical Composition of Calotropis gigantea—/ 157 


reagent in place of a pink coloured solution. This property was made use 
of in the above fractionation to detect and eliminate B-amyrin acetate which 
if present even in traces would invariably produce the pink solution. With 
the Salkowski reagent it produced a yellow solution with green fluorescence. 
The low melting point of the acetate coupled with the colour reactions 
indicated that it was probably a tetracyclic resinol mixture. This surmise was 
confirmed by effecting ring closure by the following two methods: Formic 
acid (20 c.c.) was added to the benzene solution (20c.c.) of the substance 
and the mixture was boiled for 3 hours. The contents were largely diluted 
with water and the benzene layer was separated, washed free of acid and was 
concentrated to about 5c.c. On the addition of an equal volume of 
alcohol and cooling the solution in ice, a crystalline solid melting at about 
211-15° was obtained. This produced the characteristic colour reaction 
of the pentacyclic triterpenes, i.e., pink solution with the Liebermann- 
Burchard reagent. However, the benzene-alcohol mother-liquor from the 
above compound yielded on evaporation a large amount of the unchanged 
original compound. This was dissolved in chloroform (15 c.c.), the solution 
was saturated with dry hydrogen chloride at O° C. and kept at that 
temperature overnight. The residue obtained after removing the solvent was 
crystallised from benzene-alcohol and ethylacetate in succession resulting 
in the isolation of the transformaiion product in a better yield. 


The final mother-liquors left after removing the crude tetracyclic com- 
pounds were examined in detail to see if any sterol-like substances could be 
detected. No fraction gave the proper sterol colour reactions when tested 
with the Liebermann-Burchard and Salkowski reagents. Solid (C) thus 
consisted mostly of B-amyrin and small quantities of tetracyclic compounds. 


Filtrate (IT) (Cardiac poisons and calcium oxalate).—The filtrate obtained 
from the coagulum (I) on cooling in the refrigerator deposited only a small 
amount of a slimy solid. Hence the whole solution was extracted repeat- 
edly with ether employing 500 c.c. of it at a time. The ether solutions were 
united and extracted with 5% aqueous sodium carbonate twice. The ether 
layer was washed free of alkali and dried over anhydrous sodium sulphate; 
on distilling off the solvent it left behind a residue melting at about 235°. It 
was further purified by dissolving in chloroform (100 c.c.) and reprecipitating 
by the addition of petrol (500 c.c.). The purified solid (0-4 g.) was obtained 
in the torm of colourless rods and melted at 241°-43°. It produced a green 
solution with the Liebermann-Burchard reagent and the colour of the solu- 
tion changed to red after a day. It dissolved in strong hydrochloric acid 


producing a greenish blue solution. It tasted bitter leaving a tingling 
sensation on the tongue. 
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The carbonate solution was acidified with hydrochloric acid and was 
slightly warmed, when an offensive smell emanated. The acid solution was 
repeatedly ether extracted and all the ether solutions were united. The 
solvent was completely removed by distillation and the residue was dissolv- 
ed in chloroform and reprecipitated by the addition of petroleum ether. The 
resulting product was very small and was not further studied. 


The original filtrate (I) which had been extracted with ether, was 
extracted with chloroform in four lots employing 400 c.c. of chloroform each 
time. All the chloroform solutions were mixed and the solution was con- 
centrated to about 25 c.c. No solid separated out even on prolonged cool- 
ing in the refrigerator. Then about 100 c.c. of petrol were added and the 
contents were well stirred when a solid slowly began to separate out. It was 
crisp and it melted at about 220° (yield 2-0 g.). It gave colour reactions very 
similar to those of the compound melting at 241°. They were both toxic 
to fish and in general resembled usharin and related compounds isolated by 
Hesse et al. from the mixed latex obtained from Calotropis procera and 
gigantea. No further detailed study was made of them. 


After the filtrate (II) had been extracted with chloroform and the chloro- 
form layer removed, a small quantity of an insoluble compound slowly 
began to separate out from the aqueous layer. It was found to be insoluble in 
alcohol also. Making use of this property, the substance could be completely 
separated from the aqueous solution by adding a liberal quantity of alcohol 
(600 c.c.) and leaving the contents undisturbed for a week. A sticky solid 
thus precipitated down at the bottom of the flask and was filtered at the 
pump. Further purification was effected by digestion with alcohol (500 c.c.) 
whereby it was obtained as a non-sticky solid (6-0 g). It neither melted nor 
burnt when introduced into a flame and hence was considered to be an in- 
organic salt. Further it was not soluble in any organic solvent or in water. 
In acetic acid medium it appeared as plates and bunches of needles under the 
microscope. Its resemblance in crystalline structure to an authentic sample 
of calcium oxalate was very marked. Further on ignition calcium oxide was 
obtained in quantitative yield. It readily dissolved in hot dilute sulphuric 
acid and the solution reduced potassium permanganata. From the above 
properties it was identified as calcium oxalate and its estimation was carried 
out by permanganate titration. Most of the solid (95%) was found to be 
calcium oxalate, the yield being 1% on the weight of the latex. 


The aqueous alcoholic solution was concentrated to about 500 c.c. and 
was treated with hot neutral and basic lead acetate solutions in succession. 
The insoluble lead salts were collected and decomposed separately in the 
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usual way by passing hydrogen sulphide through the aqueous suspensions. 
After removing the lead sulphide the filtrates were extracted with ether and 
chloroform in succession. From the ether solution only a small quantity of 
a crystalline resin acid melting at 135° could be obtained. From the chloro- 
form solution no compound could be obtained; all the chloroform-soluble 
substances had obviously been removed earlier. The aqueous filtrate on 


further concentration and hydrolysis with aqueous sulphuric acid yielded 
amorphous resins. 
Summary 


The latex of Calotropis gigantea contains (1) resinols as esters of steam- 
volatile fatty acids (acetic and isovaleric), (2) cardiac poisons similar to 
usharin and (3) calcium oxalate. The resinol portion consists mainly of 
two new alcohols, a-calotropeol and f-calotropeol in almost equal quantities 
and minor amounts of f-amyrin. The important properties of the calotro- 
peols have been studied. It is suggested that ‘Calosterol’ of Basu and 
Nath should be a mixture of resinols contaminated with cardiac poisons. 
The recent report of Hesse et al. that the milky latex of Calotropis procera 
contains only a-lactucerol as its esters with steam-volatile fatty acids is 
discussed. 
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FIXED OIL FROM JATROPHA CURCAS (LINN.) 
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Jatropha curcas or the angular-leaved physic nut flowers in May-June and 
the fruits ripen during the monsoon. The oil from the seeds has been 
analysed by many investigators and only two have published complete ana- 
lysis of the component acids, the others only separating the soild and 
liquid acids and in some cases determining the proportion of the oleic and 
linoleic acids in the latter. Kajuka, Hata and Fujikawa! gave the component 
acids of the Formosan oil, of iodine value 130, as 14-4% palmitic, 
9-6% stearic, 53-2% oleic and 22-8% linoleic acid. These results are not in 
agreement with the recorded iodine value and can be accepted only with 
caution. The same trouble arises in accepting the values recorded by Cruz 
and West.? 


For the present investigation the seeds were collected locally and the 
oil obtained shows a higher density and lower iodine value than all other 
samples hitherto examined. The analytical constants of the Malabar 
oil together with the constants of other curcas oils are shown in Table I. The 
mixed acids (96°4%) gave 24-57% of solid acids and 75-43 of liquid acids, 
Complete analysis has shown that the constituent acids are myristic 1-37%, 
palmitic 15-61%, stearic 9-69%, arachidic 0-35%, oleic 40-9% and linoleic 
32-08%. The Euphorbiacee oils in general contain only very small amounts 
of saturated acids and Jatropha oil is the first in the whole of the family 
which has been shown to contain more than 18% of saturated acids. The 
component acids of some typical Euphorbiacee fats are shown in Table II 
for comparison. 


The component glycecrides of Euphorbiacce have recieved very little 
attention. Hilditch and Priestman* records the glyceride composition of 
the fruit coat fat of Stillingia sebifera, and the present is the first report on the 
glyceride composition of the seed fat in this group. The analysis of the azelao 
glyceride mixture has already been published‘ and in this paper the data relat- 
ing to the trisaturated glyceride content is reported. It is interesting to note 
that this oil does not obey the rule of even distribution. 


The studies of Ivano and others® have resulted in the conclusion that a 
given plant species, capable of existence in different climates, produces, when 
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grown in a cold climate, more unsaturated acids in its seed fats than when 
it is grown in a warmer climate. A perusal of the literature connected with 
Jatropha oils shows that probably more important than the general climatic 
condition, the minimum temperature to which the plant is subjected, influences 
the degree of unsaturation of the oil. The oil of curcas from Belgian Congo, 
practically on the equator and subject to extremes of heat and cold, has an 
iodine value of 97-102, Malabar (8° N.) oil has 90-84, Philippine (15° N.) has 
95-00, Formosa (23° N.) has 103-0. The Belgian Congo seeds are subjected 
to much greater variations in respect of heat and cold so much so that the oil 
shows higher unsaturation than the Malabar oil or Philippine oil, and its 
unsaturated nature is on a par with Formosan oil from seeds grown in a 
much colder climate. 
Experimental 


450 Grams of clear dry oil were obtained by extraction of 972 grams of 
the crushed seeds, and gave the following constants :— 


Density (30° C.) 0-9849 Refractive Index 1 -4669 

Acid value 26-27 Saponification value 196-1 

Acetyl value Nil Iodine value 90-84 

Water insoluble acids 96-4% Non-saponifiable matter 0-2% 
Constants of Mixed acids.— 

Titre 26° Refractive index 1-4583 

Mean Molecular weight 277-2 Iodine value 94-85 


The mixed acids were separated into solid and liquid acids showing the 
following constants :— 


(a) Solid acids (24-57% of the mixed acids). 


Titre §2-5° Mean molecular weight 268 

Iodine value 0-65 Refractive index 1-4496 
(b) Liquid acids—(75-43% of the mixed acids). 

Mean molecular weight 282-1 Refractive index 1-4650 

Iodine value 117-0 


The solid and liquid acids were converted into their esters, fractionated 
and worked up as usual. Careful fractionations followed by hydrolysis and 
analysis gave the following values :— 


Solid acids :— 
Cig 0°25; Cygp—14-11; Cyg—9-69; Cyg—0-35; 
Oleic—0-07; Linoleic—0: 10 

Liquid acids :— 
Cy,4—1°12; Cy.—1-50; 


Oleic—40 -83 Linoleic—31 -98 
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Thus the composition of the total acids is found to be myristic 1-37%, pal- 
mitic 15-61%, stearic 969%, arachidic 0+35%, oleic 40-90% and linoleic 
32-08%. 

Permanganate Oxidation 


120 Grams of the neutral oil gave 3-41 grams of neutral non-oxidisable 
portion corresponding to 2-84% of saturated glycerides. 


Confirmation of the above value by an independent method could not 
be attempted due to lack of suitable methods. The oil is miscible in all 
proportions with dry acetone and could not be crystallised from it. The 
estimation of tristearin in the completely hydrogenated fat would be useless 
firstly because the oil contains nearly 10% of stearic acid and secondly because 
it contains nearly 16% of palmitic acid. The tristcarin value will thus be 
about 55 and it has been proved® that this method is unreliable when the 
value lies between 40 and 75. The estimation of tri-C,,-glycerides by the 
partial hydrogenation method would not give any accurate results since the 
oil contains nearly 10% of stearic acid. 


Summary 


The constants, mixed acid composition and the trisaturated glyceride 
content of the oil from the seeds of Jatropha curcas (Linn.) are recorded. 
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IN Part XIV! it was shown that the presence of two nitro-groups on the aro- 
matic ring, as in 2: 4-dinitribenzaldchyde, made the condensation with 
malonic acid extremely slack and it was only after many attempts that the 
yield of 50% of the theoretical was obtained. It is possible that two nitro- 
groups in different positions from the above might have behaved differentiy, 


In Part XIII,? it has been shown that the influence of achloro- or a bromo- 
group present on the aromatic ring of the aldehyde affected the reaction very 
favourably, as regards both the speed and the final yield, which includes its 
purify also. In Part I* it was shown that salicylaidehyde gave about 51% 
yield only with a small trace of pyridine : the question may be asked, if a 
chloro- or a bromo-group were placed on the aromatic ring in salicylaldehyde, 
would the yield be increased ? The investigations described in this paper give 
data for an answer in the affirmative. 


Two bromo-salicylaldehydes have been condensed here with malonic 
acid, in the presence as well as in the absence of pyridine-traces. Three 
different products have been obtained from each of the aldehydes, while a 
fourth was obtained from each by Perkin’s method. On the whole the 
yields in the aldehyde-malonic acid condensations have been much _ higher 
than those obtained by Perkin’s method, and are also greater than the 51% 
obtained from the simple salicylaldehyde-malonic acid condensation, though 
in no case full theoretical yields are obtained as in the condensations with the 
chloro- and bromo-benzaldehydes.? 
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The 5-bromosalicylaldehyde (I) took some time to condense with malonic 
acid in the presence of pyridine, difficulties being caused by the sublimability 
of the aldehyde below the water-bath temperature. The sublimated amount 
was repeatedly scraped off and added to the reacting mass or was washed 
down with a drop or two more of pyridine. After prolonged heating 5-bromo- 
orthocoumaric acid (II) was obtained, but the yield was between 50 and 58%. 
5-Bromosalicylidenemalonic acid (III) was also formed and was discovered 
in the filtrate of the bromo-orthocoumaric acid. It was-only about 20-25% 
of the theoretical, but the total yield of the two would be about 78%, which 
is better than that from the ordinary salicylaldehyde. 


As the decarboxylating action of pyridine is well known it was expected 
that the condensation in the entire absence of pyridine might give more of 
the dibasic 5-bromosalicylidene-malonic acid (III). However, the main bulk 
of this condensation was 6-bromo-coumarincarboxylic acid (IV), which 
melted at 200° and which came out in yields of 92:5%. It was accompanied 
by another still higher melting product, m.p. 241°, which was too little to be 
properly investigated. It however melted with effervescence. This was not 


6-bromocoumarin (V), which was obtained by following Perkin’s method and 
which melted at 164°. 


Condensations with the 3: 5-dibromosalicylaldehyde (VI) were a little 
less difficult, as the sublimation was much less and could be controlled more 
easily. Perkin’s method gave the expected 6: 8-dibromocourmarin (X), m.p. 
176°. When pyridine was present three products were obtained, two of which 
were the expected 3: 5-dibromo-orthocoumaric acid (VII) and the 3: 5- 
dibromosalicylidenemalonic acid (VIII); melting at 187-189° and 158°, or 
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157-159°, respectively. These have been identified, but the third, melting 
at 327° or above, was all used up in purification and qualitative tests. It 
did not appear to have either a hydroxy or an aldehydo or a carboxylic group 
and had to be left over for the time. Condensation in the absence of pyridine 
gave as before 6: 8-dibromocoumarincarboxylic acid (IX), in yields of about 
74%. 

Experimental 


Preparation of 5-Bromosalicylaldehyde4—S Grams salicylaldehyde were 
dissolved in 9-6 c.c. (10 g.) of glacial acetic acid. The flask was placed in 
freezing-mixture and a solution of bromine 1-8 c.c. (6-6 g.) in glacial acetic 
acid was added drop by drop with constant stirring. The 5-bromosalicyl- 
aldehyde was at once precipitated and washed and dried. The weight of the 
crude product on drying was 6°5 g., i.e., 82-5% of theory. Recrystallised 
from dilute alcohol, it melted at 105° (the expected m.p. was 104-105"). 


Condensation by Perkin’s method: the Preparation of 6-Bromocoumarin..— 
2 G. 5-bromosalicylaldehyde, 4 g. freshly fused sodium acetate and 6 c.c. 
acetic anhydride were mixed and heated in a flask for five hours at 180—190°. 
It set to a solid mass at the end of 4:5 hours. The mass was repeatedly 
extracted with hot water until it gave no colour with ferric chloride. It was 
then repeatedly washed with ether until that also ceased giving colour with 
ferric chloride. The white mass left behind melted at 155-165°. It was 
dissolved in hot caustic soda and reprecipitated by dilute hydrochloric acid. 
Recrystallised from absolute ethyl alcohol it melted at 164°. (160°, Simonis‘). 
The yield was 1 g. or 50%. 


Condensation with Malonic Acid with a Trace of Pyridine —5-Bromosali- 
cylaldehyde 3 g., malonic acid 2-1 g. and 8 drops of pyridine were heated 
on an oil-bath at 95° for two hours and then at 100-105° for nearly 18 hours. 
About 8 drops more of pyridine had to be added during the course of this 
heating. There was much effervescence and the mixture liquefied in the 
first hour. The sublimed aldehyde was frequently scraped and thrown back 
into the flask or returned to the mixture by a drop or so of pyridine. After 
two hours the liquid became quite clear, effervescence had stopped and the 
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temperature was raised to 100-105°. Gradually the clear liquid became 
viscous and then set to a solid. The flask was cooled overnight and the con- 
tents were extracted with sodium bicarbonate (10%) solution. On acidi- 
fying the extract a white precipitate was obtained, which was filtered and 
washed with water. It melted at 145-148°. Crystallised from ethyl acetate 
and benzene, it melted at 150-152°. The yield was 50-55%. 


It melted without effervescence, gave no colour with ferric chloride but 
decolorised Baeyer’s reagent. Bromine found 32-5%, bromo-orthocoumaric 
acid C,H,O,Br requires 32-9%. 

The filtrate was concentrated and on cooling deposited crystals which 
were removed and the mother-liquor on shaking up with ether and distilling 
off the ether gave more crystals. These melted at 170°, and on recrystallisa- 
tion from ethyl acetate and benzene it melted at 175°. It melted with efferves- 
cence, gave no colour with ferric chloride and decolourised Baeyer’s reagent 
immediately. A small portion of it was kept in an oil-bath at 180°: it melted 
and the effervescence continued for some time. After about 15 minutes it was 
taken out and, on cooling and reheating, melted at 148-150°. When mixed 
with the bromo-orthocoumaric acid, m.p. 150-152°, the melting-point did not 
change at all. Bromine found 27-57, 27-58%: 5-bromosalicylidenemalonic 
acid C,,H,O,Br requires 27-87%. Equivalent weight, found by, titration with 
potassium hydroxide, 148-3; required = 143-5. The yield was about 24%, 
the total yield being about 78%. 


Condensation without any Reagent: 6-Bromo-Coumarincarboxylic 
Acid (1V)—3 G. 5-bromosalicylaldehyde and 2-1 g. malonic acid were mixed 
up and heated on the water-bath for 9 hours and then for 8 hours on an oil-bath 
at 100-105°. The sublimed aldehyde was scraped and added on from time to 
time. There was plenty of effervescence and after about two hours an opales- 
cent liquid was formed. The mixture never became a clear transparent liquid. 
One hour after it had solidified again, the temperature was raised up by a 
change of the bath. The product at the end was extracted with ether to 
remove the unreacted aldehyde. A grey solid remained undissolved which was 
filtered off. In the crude condition it melted at 195-200° and weighed 3-7 g. 
Recrystallised from hot benzene, the melting-point rose only slightly to 200°. 
It was soluble in hot water and acetone as well, and insoluble in ether. 

This experiment was repeated several times, and it was found that only 
six hours’ heating on a water-bath was sufficient to give the same yield, i.e., 
92-5%, of the first solid, m.p. 200°, which was the 6-bromocoumarincarboxylic 
acid: Bromine, found = 29-43, 29-44%, the acid C,,H,O,Br requires 29-74%. 
It melted without effervescence and gave no colour with ferric chloride. It 
decolourised alkaline permanganate. 
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When the ethereal extract was treated with sodium dicarbonate solution, 
it gave much effervescence: excess was then added and the two layers 
separated. On acidfication, the lower layer gave a solid white substance, m.p. 
237° (dec.) (y. = 0-3 g.). 

This high-melting substance melted at 241° on further purification, but 
melted with effervescence. It was not in sufficient amount for a clear 
identification. 


3-5-Dibromosalicylaldehyde.~—S5 g. salicylaldehyde were taken in a flask 
and to this were added 17-5 g. of bromine (a little more than 2 mol. pro- 
portion) drop by drop and with vigorous shaking. The flask was kept at room 
temperature for two days with occasional shakes: on the third day the whole 
mass had set to a solid and was taken out with about 500 c.c. or more of 
water. This was washed free of the excess of bromine. Recrystallised 
from dilute alcohol it melted at 82-84° (m.p. 83°)® Yield about 87% of 
the theoretical. 


Condensation by Perkin’s method: 6-8-Dibromocoumarin.?—1:4 G. di- 
bromosalicylaldehyde, 2 g. fused sodium acetate and 3 g. acetic anhydride 
were mixed and heated in the usual way, 170-180°, when the whole mass 
solidified at the end of three hours. The cold mass was washed with plenty of 
water, the residue was dried and washed with ether repeatedly till the wash- 
ing gave no colour with ferric chloride. The residue was dried and recrys- 
stallised from rectified spirit. It melted at 176°. Yield about 33%. (6: 8- 
Dibromocoumarin melts at 174-176°).? 


Condensation in the Presence of Pyridine: 3 :5-Dibromo-salicylidenemalonic 
Acid and 3:5-Dibromo-orthocoumaric Acid.—Very many condensations had 
to be tried to get conditions of good yield, as three different substances were 
found to occur in the product of this single reaction. Higher temperatures 
than 100° gave better yields of a substance which seemed to melt at about 
300°, but has not been identified. Two other products 3: 5-dibromosalicyl- 
idenemalonic acid (VIII) and 3 :5-dibromo-orthocoumaric acid (VII) were also 
formed, but the amounts of their yields varied greatly with the temperature 
and the manner of heating. On the other hand oridinary water-bath heating 
for several hours even gave poor yields and much of the original aldehyde 
was found remaining unaffected but mixed up with resin. 


2:8 G. dibromosalicylaldehyde, 1-4 g. malonic acid and 6 to 8 drops of 
pyridine were mixed in a flask and the whole was heated on an oil-bath at 110° 
for 4 hours. There was much effervescence and the mixture changed into a 
thick viscous mass, a little aldehyde that had sublimed was washed in with 
a drop or two of pyridine. The temperature was gradually raised to 125°, 
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and then the whole was left to itself overnight. The next day the tempera- 
ture was raised up to 135°, and after one hour quickly to 160°. A solid mixed 
with much viscous matter appeared to have been formed and the heating was 
stopped. To the cold flask ether was added when much dissolved, leaving 
behind a solid which in the crude condition melted at 260°-270°. It was 
found insoluble in most of the usual organic solvents. Pyridine however 
dissolved it readily but gave crystals that were very impure and sticky. After 
a recrystallisation from pyridine-benzene, the substance was washed with 
dilute hydrochloric acid which removed some of its colour. The substance 
was then washed with alcohol, then with alcohol plus hydrochloric acid and 
finally with water to remove the acid. It was finally washed with alcohol 
and ether. It was now white in colour, and on heating began to get black 
at 290° and decomposed finally with effervescence at 295-300°. It was again 
treated with pyridine and benzene, and a little alcohol was added: after two 
days clear white crystals came out which on drying melted at 323-327°, becom- 
ing dark at 310°. It was insoluble in sodium bicarbonate solution and gave 
no effervescence with it. In fact it gave no indications of the presence of a 
hydroxy or an aldehyde or a carboxyl group, though it showed bromine. 


From the ether-extract the two acids were separated. Addition of sodium 
bicarbonate solution to it gave effervescence, So excess was added and it was 
allowed to remain for a couple of hours when white crystals of a sodium 
salt came out. These were filtered off, treated with hydrochloric acid and 
with water. The solid obtained after recrystallisation melted at 185-187° 
without effervescence. This was dibromo-orthocoumaric acid, soluble in ether, 
alcohol, etc., but insoluble in benzene (hot or cold). Found Bromine = 
49-38%, the acid C,H,O,Br. requires 49-68%. The best yield = 31%. 


The filtrate contained the soluble sodium salt of the dibromosalicyl- 
idenemalonic acid, which was decomposed by dilute hydrochloric acid. 
It melted with effervescence at 140-150°, but on recrystallisation from alcohol, 
it melted at 157-159°. Heated alone on a nacked flame for some time it gave 
off carbon dioxide and was changed into the monobasic acid, m.p. 187-189°, 
Heating with pyridine also brought about the same change. Found Bromine 
= 43-28%, the acid C,)H,O,Bre requires 43-71%. The best yield = 22%. 


Condensation in the Absence of any Condensing Reagent: 3:5-4:6-Dibro- 
mo-coumarincarboxylic Acid (IX).—3:5—Dibromosalicylaldehyde 1-4 g, 
and malonic acid 0-7 g. were mixed and heated together for 5 hours on a 
water-bath and then for one hour in an oil-bath at 130°. In another experi- 
ment the heating was at 130° at the beginning but was then lowered to 110- 
120° after the whole mass had melted, the total amount being six hours. The 
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product in both cases was the same and the yield also was the same about 
76%. The product was extracted with ether, when the dibromocoumarin- 
carboxylic acid was left undissolved. It was recrystallised from alcohol and 
melted at 224-226°. The ethereal extract was a mixture of the same acid 
with some of the unreacted aldehyde. Found Bromine = 45-72%, the acid 
C,9H,O,Br, requires 45-97%. It appeared to be dimorphous; crystallised 
from alcohol, it came out in white needles, and from benzene it came out in 
cubes. 


Acknowledgements are due to Mr. Mahendra Rai Kikani for a few 
preliminary experiments on this subject. 


Summary 


5-Bromosalicylaldehyde and 3:5-dibromosalicylaldehyde have both been 
condensed with malonic acid in the presence of pyridine as well as in its entire 
absence, and the yields are on the whole greater than were obtained from the 
condensation of salicylaldehyde with malonic acid in the presence of pyridine, 
the highest being 92-5%. Perkin’s reaction gave different products altogether 
and in much smaller yields. 
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SEVERAL methods for the determination of boric acid are known and of 
these the alkalimetric method which is largely employed depends on the 
titration of boric acid with standard alkaliin the presence of glycerol, mannitol 
or invert sugar. Gravimetric methods depending on the absorption of boric 
acid in a suitable reagent and determining the increase in weight are also 
known.!' Both types of methods yield satisfactory results only with appre- 
ciable amounts of boric acid. Colorimetric methods which have been 
suggested in the literature for the estimation of small amounts of boron depend 
on the reaction of boric acid with (a) turmeric, (b) curcumin in presence of 
oxalic acid, and (c) quinalizarin dissolved in sulphuric acid. To these may 
be added the unusual colorimetric procedure of Stahl? which depends on the 
comparison of the intensities of the green flame colour given by methyl borate 
from the test and standard samples. 


Hebebrand® showed that 0-1 mg. of boric acid gives a feeble brown tint 
whilst 10-0 mg. of the acid gives a bright rose-red colour with a 1% solution 
of turmeric and a colorimetric method was developed on this basis. The 
colouration is somewhat fugitive, and is destroyed by prolonged exposure to 
light and also by boiling. Bertrand and Agulhon‘ employing strips of turmeric 
paper carried out successfully the estimation of 0-1 to 0:0001 mg. of boric 
acid. This method depends on the comparison of the lengths of the coloura- 
tions produced on the turmeric strips with the test and standard solutions 
of boric acid in presence of dilute hydrochloric acid. Schafer® pointed out 
that concentrated hydrochloric acid itself gives a red colour with turmeric 
and this changes progressively to yellow on dilution with water. Hence 


the concentration of hydrochloric acid employed is of importance in this 
method. 


The second colorimetric method depends on the red colour given by 
boric acid with curcumin in presence of oxalic acid. Using this method as 
much as 2:0 mg. of boron trioxide can be estimated (Snell*). Neither of the 
above two methods, however, is rapid. 
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The third colorimetric method depends on the quinalizarin-boric acid 
reaction in presence of concentrated sulphuric acid. The solution of the 
reagent in concentrated sulphuric acid is itself violet in colour and this changes 
to blue with increasing additions of boric acid, the actual colour produced 
being composed of varying amounts of red and blue. Scharrer and Gottschall* 
employed the method for the estimation of 120 to 12y of boric acid. Smith’ 
found that it was necessary to work with concentrations of boric acid less than 
0-04 mg. per c.c. and that the lower limit was 0-002 mg. per c.c. 


Using the photo-electric colorimeter Olson and De Turk® estimated amounts 
up to 0-03 mg. of boron. These authors found that maintenance of constant 
temperature during the estimation was important for obtaining good dupli- 
cates and that decrease in the concentration of the sulphuric acid 
decreased the sensitivity, so that a definite high concentration of acid had 
to be employed. Patricia W. Mansell!® using the Lovibond tintometer found 
that about 2y of boron was the most satisfactory quantity to measure. 
It is evident from the above that this method is available only for the estima- 
tion of very small quantities of boric acid. 


Stahl (Joc. cit.) found that quantities of the order of 0-3 mg. or more of 
boron trioxide in the upper limit and smaller quantities of the order of 
0-0022 to 0-007 mg. could be determined with an accuracy of 0 to 15% by 
his method. 


Several other colour reactions for boric acid of great sensitivity have been 
described in the literature, but no attempt seems to have been made to adapt 
them for colorimetric work. Rangaswami and Seshadri!! have recently 
pointed out that the boric acid reaction characteristic of 5-hydroxy- and 5- 
methoxyflavones and -flavonols and 2-hydroxy- and 2-methoxy-chalkones 
first described by Wilson!? and subsequently developed by them is capable 
of application for the detection of boric acid itself. These compounds in 
anhydrous acetone solution containing anhydrous citric acid undergo a change 
of colour on the addition of traces of boric acid. Compounds that are them- 
selves coloured yellow become deeper yellow on the addition of boric acid 
while those that give only colourless solutions in acetone containing citric 
acid develop a yellow colour on the addition of boric acid. Using penta- 
methylquercetin, which gives a practically colourless solution in acetone contain- 
ing citric acid only, as the reagent (Rangaswami and Seshadri, Joc. cit.) showed 
that 1 part of boric acid in 30,0090 parts of solution could be casily detected— 
a reaction of a fairly high degree of sensitivity. This.reaction has now been 
investigated in detail with a view to develop a method for the colorimetric 
estimation of boric acid. 
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Experimental 
Solutions : 

(1) Reagent—Dry pentamethylquercetin (225 mg.) was dissolved in 
anhydrous acetone and the solution made up to 100 c.c. with same solvent. 
For this purpose acetone (extra pure) was dehydrated by standing over fused 
calcium chloride for 72 hours and then distilled under anhydrous conditions. 


(2) Boric Acid—A pure sample of boric acid was finely powdered and 
dried in a steam oven for 6hours. 200mg. of the acid was accurately 
weighed out, dissolved in anhydrous acetone and the solution made 
up to 100 c.c. with the same solvent. 5 c.c. of this solution was diluted to 
25 c.c. with the same solvent and used as the standard. 


(3) Citric Acid—Citric acid (pure) crystals were finely powdered and 
dehydrated by drying in a steam oven for 30 hours. 50g. of the acid were 
dissolved in 500 c.c. of anhydrous acetone and the solution was filtered rapidly 
through a plug of cotton wool, to remove some finely divided insoluble 
material. 


In preparing the above solutions carefully dried apparatus was used and 
the solutions were kept in well-stoppered dry bottles. 


(4) Potassium chromate—1\-:0 g. of potassium chromate (A.R) was 
weighed accurately, dissolved in water and the solution made up to 100 c.c. 
with water. 20 c.c. of the solution was pipetted out and diluted to 100 c.c, 
with water. The latter solution was employed in the experiments. 


Preliminary Investigation 


The colour (yellow) was developed by adding to a measured volume of 
the boric acid solution an excess of the reagent solution—more than one mole- 
cular proportion—and then diluting to volume with the 10% citric acid solu- - 
tion. 


As the various aspects of this colour reaction had not been studied before, 
they were investigated now and the results are reported below :— 


1. No colour was developed until the citric acid solution was added. 


2. The yellow colour developed was progressively reduced in intensity 
and it finally disappeared altogether on dilution with anhydrous acetone 
free from citric acid. Experiments showed that this could not be a mere 
dilution effect. 


3. Attempts to use the Lovibond tintometer for the measurement of 
colour and investigation of its variation, if any, with time were not successful 
on account of the volatility of the solvent at the temperatures obtaining in the 
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tintometer and also due to the rapid absorption of moisture of the citric acid 
solution. 


4. Experiments carried out with the Duboscq type of colorimeter 
(balancing method) gave satisfactory results with identical solutions. With 
solutions which differed slightly in concentration of boric acid, however, erratic 
results were obtained showing thereby that Beer’s Law does not hold good. 


5. The intensity of colour in a given case depended on the actual amount 
of reagent solution added and possibly also on the amount of citric acid solu- 


tion employed so that for good reproducibility definite conditions had to be 
prescribed. 


6. The duplication method was more successful than the balancing 
method but here again the same factors as in (3) above precluded satisfactory 
results. Consequently it was necessary to work with closed vessels and with 
the minimum of exposure to air. 


7. With quantities of boric acid less than 0-4 mg. the yellow colour 
developed was considerably reduced in intensity on dilution to 25 c.c. with 
the citric acid solution. Experiments showed that the magnitude of this 
reduction was quite out of proportion to what may be expected on the basis 
of dilution. With 0-4 mg. and above of boric acid apparently this did not 
occur. From this it appears that different final dilutions must be adopted 
depending on the amount of boric acid present in the test. 


8. The yellow colours obtained resembled closely, though not 
perfectly, the pure yellow of potassium chromate solutions so that the 
former could be matched with the latter. In this manner permanent standards 
for use in routine work could be easily prepared. 


Based on the above results the following empirical method has been 
worked out for the approximate estimation of small quantities of boric acid 
ranging from 0-4 to 1-8 mg. 

Procedure 


An aliquot part of the standard boric acid solution was pipetted out into 
a dry 50 c.c. Nessler cylinder having a graduation at 25 c.c., 5 c.c. of the 
reagent solution added and the volume made up to the 25 c.c. mark with the 
citric acid solution. After stirring, the cylinder was tightly corked. 15-20c.c. 
of water were placed in another cylinder of the same dimensions and the match- 
ing was carried out by adding the standard chromate solution from the burette 
in the usual manner for the duplication method. Except during actual match- 
ing the cylinder containing the test solution was kept corked. The match- 
ing was repeated three or four times in each case. With quantities of 
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boric acid of the order of 1-2 mg. and above, the intensities of the yellow 
colour, when the whole of the solution (25 c.c.) was employed, were felt 
to be too deep for satisfactory matching. In these cases, therefore, after 
making up to 25 c.c. with the citric acid solution, the volume was halved 
using a measuring cylinder and the matching carried out. The total intensity 
(for 25 c.c.) was obtained in terms of the chromate solution by doubling 
the value obtained. 
Results 


The results obtained are recorded in Table I. The amounts of boric 
acid were plotted against the mean volumes of the chromate solution and 
a mean curve was drawn (cf. Graph). To evaluate the magnitude of the 
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* After developing colour only half the test solution was employed for matching. 
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errors in matching, the mean volumes of the chromate solution correspond- 
ing to the boric acid taken were obtained by interpolation on the graph 








2 4 6 8 10 2 
Potassium Chromate (¢.c.) ——e 





and are recorded in column 4. The percentage deviation of the mean 
volumes (experimental) from the interpolated figures was then calculated and 
the results are recorded in column 5. 


In order to test the relationship thus established, the colour was 
developed with other known quantities of boric acid and then matched with 
the chromate solution as before. From the mean volume of the chromate 
solution required, the amount of boric acid was read out from the graph. 
The results obtained are given in Table II. 






















TABLE II 
Boric acid Potassium Mean Boric acid 
taken chromate volume found Error 
mg. c.c. c.c. mg. % 
1 y 4 3 4 5 
0-48 5-5 5-6 0-55 +14-6 
5-6 
5:7 
0-68 6°5 6°7 0-65 an RE 
6°8 
6°8 
1-48* 13-9 13-8 1-7 +.14-9 
13-6 
13-9 

















* After developing colour only half the test solution was employed for matching. 


The figures given in Table I, column 2, show a variation of 0:5 c.c. in 
matching except in two cases where it reaches 0:8 c.c. This increase obviously 
arises from the fact that the errors in matching are multiplied by two (vide 
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supra) according to the procedure adopted. The maximum deviation from the 
mean volumes (column 3) is only 0-5 c.c. Thus the figures in column 2 when 
compared with the mean volumes represent maximum errors in matching 
of about 15 and 3-5% on the lowest and highest limits of boric acid respec- 
tively. However, the deviations of the mean volumes from the mean curve 
range from 0 to 5:0% (cf. columns 4 and 5) so that if the mean volumes are 
employed for interpolation on the graph the deviation from the truth due to 
errors in matching does not exceed 5-0%. 


The results given in Table II, however, show a maximum error of about 
15% in the estimation of boric acid by interpolation of the mean volumes 
(column 3) on the graph. It appears probable that the higher error is partly 
due to the difficulty in measuring small volumes of boric acid solution in the 
highly volatile solvent, acetone. It may, however, be pointed out in this con- 
nection that errors as high as 10% are not unusual in visual colorimetric 
methods. 


Regarding the mechanism of the reaction the following may be men- 
tioned :— 


In aqueous solutions boric acid reacts with polyhydroxy compounds 
such as glycerine, mannitol, etc., to form simple esters; with the o-hydroxy 
carbonyl compounds and in presence of the dehydrating agent, sulphuric 
acid, however, it yields inner complex (chelate) esters. The interaction of 
boric acid with the O-Hydroxy-carbonyl compounds, viz., 5-hydroxy-flavones 
and -flavonols and the 2-hydroxy-chalkones, in presence of anhydrous citric 
acid may perhaps be explained on the assumption that the latter serves as a 
dehydrant, though the possibility of interaction betwcen the hydroxy acid 
(citric acid), and boric acid as a preliminary to the former reaction could not 
be altogether ignored. The mechanism of the interaction of boric acid with 
the 5-methyl ethers of the above hydroxy-flavones and-flavonols and 2-methyl 
ethers of the above hydroxy-chalkones is obviously more complicated as no 
free hydroxyl, ortho to the carbonyl group, is available in any one of these 
compounds. The part played by the anhydrous citric acid is itself not quite 
clear and consequently the disappearance of colour on dilution with acetone, 
free from citric acid, could not be explained. The available evidence is 
meagre and hence the reaction must be regarded as empirical at present. 


Regarding the method itself the following points may be considered :— 


1. The use of the highly volatile solvent, acetone is apparently a serious 
disadvantage but it is of interest to note in this connection that even the more 
volatile ether is used for the extraction of nickel dimethyl glyoxime complex 
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in colorimetric work. The use of a less volatile solvent is an obvious 
solution of the difficulty but the choice is limited by the solubilities of the — 
substances involved and also by the fact that hydroxylic solvents could not 
be employed. 


The present method possesses the advantage that the blank is practically 
colourless whereas in the three colorimetric methods referred to already the 
blanks are coloured. Its chief advantage, however, is in its rapidity as 
compared with the turmeric and curcumin methods (Joc. cit.), although the 
results obtained are only approximate. 


3. The need for the rigorous exclusion of moisture is apparently a serious 
drawback of the method, but it may be pointed out that the drying of the 
reagents can be readily accomplished and the time taken in drying the few 
pieces of apparatus could not be regarded as of serious consequence. Fur- 
ther the need for stoppering the Nessler cylinder containing the test solution 
except during matching is not a great inconvenience in practice. 


Summary 


A new method for the approximate colorimetric estimation of boric acid 
depending on the yellow colouration yielded by boric acid with pentamethyl- 
quercetin in presence of citric acid in anhydrous acetone medium has been 
described. The method is empirical in character and gives results with a 
maximum error of about 15% with quantities of boric acid ranging from 0-4 
to 1-8 mg. 


Thetauthors wish to express their thanks to Professor T. R. Seshadri 
for valuable help rendered in the course of this investigation. 
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